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those who have gone with him upon many voyages of 
i disappointment and occasionally of discovery. It is often 
2 hard to find the way to port alone, and while I have been 








ooces 


21 selected to review our experiments, it must be understood 


Iam merely the mouthpiece of all those who for the past ten years have 
sailed with me in pursuit of a few of the elusive problems of lymphatic 
function. 


The lym 


phatic system reaches its most complex development in 


mammals, and of all mammals man can probably claim the most exten- 
sive and elaborate lymphatic apparatus. Many of us are inclined to think 
of lymphatics, lymph nodes, and lymphocytes as a defense mechanism, 
and there is of course no doubt but that all these elements participate 
widely in infections and in inflammatory processes. But defense is by no 
means the whole story, and so it is necessary first to review what has been 
learned of lymphatic function in normal healthy subjects and second, 
to relate this to the reactions observed during infection and inflammation. 
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It should be part of such a summary to discuss one of the most funda- 
mental problems of the lymphatic apparatus, namely, the function of the 
lymphocyte. The production, activity, and disappearance of these blood 
elements have been measured, so far, quite unsatisfactorily. But to sum- 
marize the experimental, clinical, and conjectural evidence upon lympho- 
cyte function, interesting though the effort might be, is beyond the scope 
of this lecture, which deals with the movements and the chemical 
composition of lymph under varying conditions. The lymph nodes as 
effectors in this system find their place in the discussion. 


LYMPHATIC FUNCTION UNDER NorMAt ConpirTIons 


In 1926, in Professor Krogh’s Laboratory, I was assigned certain 
problems in relation to the permeability of the blood capillaries in the 
web of the frog, a subject very intimately involved with the problems 
of the composition and formation of lymph. It was then thought, in 
accordance with Starling’s theory of the balance between capillary blood 
pressure and colloid osmotic pressure, that practically none of the plasma 
proteins passed through the wall of the capillary. But this conception 
did not fit the performances of the lymphatic system in the frog. These 
animals have no lymph nodes. The lymphatics are a simple, subsidiary 
circulatory mechanism and are steadily engaged in moving fluid which 
leaves the blood capillaries back again to the blood. It has been estimated 
that fluid equal to fifty times the total blood plasma may leave the 
capillaries and pass through the lymphatic system in twenty-four hours."? 
This means a very steady delivery from the blood, and when lymph 
was collected and analyzed, as was readily done by tying cannulas in the 
crural lymph spaces at the ankles and then placing the frog head up at 
an angle of 30°, it was found that the lymph always contained albumin 
and globulin, that it clotted, and that the protein concentration while 
variable averaged about one-half that of the blood plasma.* In the frog 
one can stop the lymph hearts with curare. This prevents the return of 
lymph to the circulation. If the condition is sustained the animal dies 
through loss of blood volume. It simply converts all the plasma to lymph. 
Furthermore, if one curarizes a frog, ties cannulas in the crural lymph 
spaces and in the abdominal vein, it is possible by gentle infusion of 
Ringer’s solution through the vein cannula to wash practically all of 
the protein out of the blood, which it does not reenter lacking normal 
lymphatic function. It can be concluded, then, that in the frog the lym- 
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phatic system is engaged steadily in returning blood proteins to the blood, 
and that in the absence of normal lymph function these substances will 
accumulate extravascularly. When one turns to the mammal, in such 
regions as the skin and subcutaneous tissues, lymph does not circulate 
with a rapidity remotely resembling what is found in the frog. At the 
same time, lymph collected from such regions always contains the blood 
proteins, and if lymph drainage is blocked protein will accumulate to 
values as high as 5 per cent. Here again an important feature of lymphatic 
function is the steady movement of extravascular protein back to the 
blood. 

In 1930, we began to attempt to collect lymph from many different 
regions in the dog, being confronted with the fact that thoracic duct 
lymph, upon which most of the classical lymph physiology had been 
based, represented a rather special case, being in the mammal the most 
vivid surviving evidence of an active circulatory function on the part 
of the lymphatics. So far as can be told, the blood capillaries in the 
intestines and perhaps, too, in the liver are permeable to protein to a 
degree resembling those in the frog. With this goes the fact that the 
intestinal lymphatics must carry fat. In an anesthetized animal lacking 
massage, or passive movement, I believe that almost all of the thoracic 
duct lymph comes from the abdominal organs. Practically none will 
flow in from the extremities and but small amounts will be added from 
the neck, from the heart, and possibly from the lungs. 

Obviously, to get at the fundamental qualities of lymph and the 
conditions for its production it was necessary to get away from the 
thoracic duct. There was nothing new about this idea. As is the case in 
so many modern techniques in physiology, our cannulations and methods 
of collection can, in their main features, be found in Ludwig’s Arbeiten 
in the seventies of the last century. But it was much easier for us. We 
made fine quartz cannulae. We had good binocular magnification and 
we had good anesthesia both local and general. And finally, there were 
both physical and biochemical methods for defining the composition and 
properties of the small amounts of lymph which could be obtained 
through such cannulations. 

The most dependable figures on the amounts of lymph collectable 
per minute—by which I mean lymph from neither the thoracic duct 
nor an abdominal vessel—necessitate collection under normal conditions 
of lymph flow, and this was accomplished by cannulating a lymphatic 
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Fig. 1. Cannula in a lymphatic draining 
part of the front foot of the dog. (From: 
Drinker, C. K. and Field, M. E. Lymphatics, 
Lymph and Tissue Fluid. Baltimore, Wil- 
liams & Wilkins, 1933, p. 89.) 


in the foreleg of a dog under local anesthesia, as is shown in Fig. 1. 
With such a cannula in place a dog may walk or run during many hours 
of observation, thus contrasting periods of rest with periods of activity, 
periods of normal venous pressure with periods of high venous pressure 
and even perhaps periods in which what has been called “tissue pressure” 
is increased. 

The results of such observations can be represented quite fairly 
in several figures taken from many experiments. In the first case, Fig. 2, 
one sees what may be regarded as average normal lymph flow and the 
thing that is significant is that the amount of lymph which is really 
destined for the thoracic duct is exceedingly little. McMaster* and his 
associates have shown that appropriate substances injected intracu- 
taneously may flow out through lymph pathways with astonishing rapid- 
ity. These quick spreads of foreign material from a central point have 
always been the result of an increase, even though slight, of tissue fluid 
pressure. They indicate most beautifully the extraordinary openness 
of the lymphatic system, and its availability as a path of movement for 
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. 2. Per cent of protein and milli- 
grams of lymph produced per minute from 
a dog prepared as in figure 1. Left leg can- 
nulation and lymph collection May 3, 1937; 
right leg May 4. At the left-hand arrow 
R the rate of walking was increased, as 
shown by the peaks in lymph production 
from the right leg and in alternate periods 
reduced to the earlier level. Rapid walk- 
ing ceased entirely at the right-hand arrow 
R. Blood protein 5.68 per cent. Lower or- 
dinates, milligrams of lymph per minute; 
upper ordinates, per cent protein; abscissa, 


minutes. 


Fig. 3. Per cent of protein and milli- 
grams of lymph produced per minute from 
a dog prepared as in figure 1. Left leg 
cannulation and lymph collection April 20, 
1937; right leg April 23. At the left-hand 
arrow L venous pressure was increased to 
80 mm. Hg in the left leg, and this pressure 
was released at the right-hand arrow L. In 
the right leg the two arrows R indicate the 
same manoeuvre. Blood protein concentra- 
tion 5.82 per cent. Lower ordinates, milli- 
grams of lymph per minute; upper ordin- 
ates, per cent of protein; abscissa, minutes. 


Fig. 4. Per cent protein, milligrams of 
lymph, and milligrams of lymph protein 
collected per minute from a dog prepared 
as in figure 1. At the left-hand arrow ven- 
ous pressure was increased to 80 mm. Hg, 
and at the right-hand arrow released to 
zero. Blood protein concentration 6.79 per 
cent. Right ordinates, lower curves, milli- 
grams of lymph per minute; upper curve, 
per cent protein. Left ordinates, milligrams 
of lymph and protein per minute. Abscissa, 
minutes. 
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all sorts of abnormal tissue entrants. They do not give any actual indica- 
tion of the movement of lymph out of a part which depends upon the 
entrance of lymph into valved vessels and then upon the effects of mas- 
sage, motion, or swelling. Turning to Fig. 2 certain things are evident. 
First of all, after twenty minutes of walking at a uniform gait the amounts 
of lymph collected per minute become very uniform and the protein 
concentration, particularly in the left leg, does likewise. In the case of 
the right leg, observed a day later, at the arrow R, periods of rapid 
walking were alternated with the former uniformly slow rate. Increase 
in activity caused a corresponding increase in lymph production. In Fig. 3, 
an experiment is shown in which a left forefoot lymphatic was cannu- 
lated and at the left-hand arrow venous pressure was increased to 80 mm. 
Hg. In this case, there was but a slight increase in lymph production as 
a result of this maneuver, and a delayed but equally slight fall in the 
concentration of lymph protein. At the right-hand arrow L the tourni- 
quet causing venous pressure increase was released. Three days later 
the same experiment was performed on the right foreleg, venous pres- 
sure being increased to 80 mm. Hg at the left-hand arrow R and released 
at the right-hand arrow R. The result was quite similar to that obtained 
on the left leg. It will seem strange that such a radical increase in venous 
pressure had so little effect but such is often the case. Apparently there 
are animals which resist alterations in lymph flow and composition with 
extraordinary success and such dogs behave very much the same upon 
successive days. Fig. 4 displays a very different sort of dog, one reacting 
according to conventional expectation. In this instance but a single leg 
is shown. At the left-hand arrow venous pressure was increased to 80 
mm. Hg, and at the right-hand arrow this pressure was released. Lymph 
flow increased from 38 to 230 mg. per minute, and the total protein 
found in minute volumes of lymph increased from 0.77 mg. to 4.2 mg. 
per minute. These changes have an interesting relation to one another. 
Lymph flow increases in the ratio of 1 : 6.0 and lymph protein, col- 
lected per minute, in the ratio of 1 : 5.4. It is hard to escape the idea that 
during this period, when re-absorption of water by capillaries has not 
taken place, the filtrate from blood capillaries in the foot has had a 
protein concentration in the neighborhood of 1.8 per cent. Further, 
in view of the rapidity with which lymph production increased, it 
seems that just prior to the increase in venous pressure the capillary 
filtrate must have been high in protein but not so high as in the lymph 
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owing to the fact that the latter concentration reflects absorption of 
water. 

The skin lymphatics exist as a meshwork over the whole body. So 
far as is known, this large lymphatic basin always contains lymph, and 
since the communication is so general, reactive substances in one part 
may eventually reach another. But it does not seem there can be any 
adjuvants of this spread save movement, massage or swelling with 
accompanying increase in tissue pressure. The subcutaneous lymphatic 
network is thus an enormous potential route for distribution of extra- 
vascular material, but there is neither reason nor evidence for rapid 
directed movement of lymph through it under normal circumstances 
of rest. 

The illustrations of lymph flow which appear in Figs. 2, 3 and 4 
are a fair average of experience if lymph is collected from draining 
trunks in normal unanesthetized animals, but as has been indicated, 
surprising things are seen as such experiments are done over and over 
again. Dogs as classified from the point of view of lymph production 
by our laboratory assistant of many years, Louis Freni, are wet or dry. 
No one has seriously attempted to relate failure of lymph production 
to diet, fluid intake or any other existing or induced condition. Mr. 
Freni’s classification is, however, a fact, and any one carrying on similar 
experiments will encounter animals in which lymph flow from draining 
channels will be negligible and others from which lymph flow will be 
surprisingly free. The giving of intravenous saline and copious water 
by mouth will not convert a dry dog to a wet one. These variations in 
lymph production in normal animals are vastly interesting, since they 
perhaps express changes in the conditions governing production and 
absorption of extravascular fluid which go beyond our present ideas 
upon these subjects. It is difficult to get away from the possibility that 
there are differences in the nervous regulations of the capillaries at 
different times and that these may cause delivery or absorption of tissue 
fluid. If, for example, arteriovenous anastomoses were freely open in 
a part, shunting blood away from capillaries, then capillary flow and 
pressure might be reduced and conditions made favorable for the absorp- 
tion of water. If, on the other hand, such anastomoses were closed, then 
the full filtering capacity of the blood capillaries would become available 
provided an extreme degree of general constriction was not present. It 
is a question, too, whether the vasomotor control of arterioles, capil- 
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Jaries, and veins always operates in the same way or whether at times 
a single element in the triad gets the better of another. While such an 
expectation is perhaps reasonable, there is but little actual evidence for 
it. For example, it has been shown that acetylcholine has a possible 
constrictor effect on veins, and Haynes,® in 1932, found that acetyl- 
choline injected into the artery to a part at once increased lymph flow. 
Fleisch® had indicated this might be due to a constrictor effect upon 
venous capillaries and small veins. If nerve impulses or chemical sub- 
stances could induce mechanical relations which might cause changes in 
the nature of the fluid delivered from the blood capillaries or in the 
possibility of re-absorption of fluid by these elements, then there would 
be a basis for the idea that rapid changes in the composition of the tissue 
fluid were mediated by nerve impulses. In 1911, Stewart’ showed that if 
one hand was exposed to cold or heat the blood vessels in the opposite 
hand dilated. This he attributed to a vasomotor reflex. No one has 
attempted to correlate such reflex vasomotor changes with changes in 
the fluid leaving a part through the lymphatics. Our own experiments, 
so far, have failed to illuminate the problem, though frequently we have 
believed we had evidence on the immediate change in the lymph caused 
through a variety of nervous reactions. Yet always on more complete 
analysis our experiments have broken down. 

The chemical and physical properties of mammalian lymph have 
been measured since the seventies of the last century, but not with any 
great degree of accuracy until recently because of methodic difficulties. 
The relation between lymph and blood from certain regions outside the 
thoracic duct are shown in Tables 1 and 2. These tables, it seems to me, 
require emphasis in only one direction, namely, that lymph essentially 
reflects the composition of the blood plasma making allowances for 
dilution. 

So much, then, for the formation and chemical composition of lymph 
in the normal animal. There is a further important point in relation to 
the question of lymph drainage. The lymph route is the one chosen for 
removal from the tissues of all sorts of foreign material which does not 
enter blood vessels. The familiar deposition of carbon particles in the 
lung lymphatics and tracheobronchial lymph nodes are to the point. 
I need nor pursue the argument through experiments on the great serous 
cavities, the joints, etc.; it is evident enough that the lymphatics begin 
to be a pathway as soon as abnormal and non-diffusible substances reach 
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the tissues. 

The general circumstances regarding the permeability of blood and 
lymph capillaries to visible particles seem to me to require, shall we say, 
revision, or better, actual establishment. To illustrate: If calcite par- 
ticles, pneumococci, and other non-motile materials are injected into 
the blood stream they can be recovered from lymphatics within an 
hour’s time.* No evidence is available that phagocytosis has anything to 
do with this movement, which involves penetration of the wall of blood 
capillaries, possible brief sojourn in the tissue spaces, and then, if there 
is exercise or massage, penetration of the wall of a lymph capillary. 
There is no indication that such transfers involve the slightest leakage of 
blood proteins. The particle seems to pass through the endothelium much 
as a needle may be passed through a film of gelatin. There is no hole 
during the passage and none is visible when it is finished. The directed 
tendency of particles and colloidal solutions to move toward lymphatics 
is quite extraordinary. For example,’ if the cervical lymphatics are cannu- 
lated in an anesthetized rabbit so that the lymph from these vessels may 
be collected, and then a suspension of Type III pneumococcz is instilled 
into the nose, the organisms can be recovered from the cervical lymph 
within an hour but do not reach the blood until several hours have 
passed. To make the rapid journey to the lymph, a mucous membrane 
must be passed and a lymph capillary entered. The mechanism of such 
a transit is still wholly mysterious. Even more dramatic is the result 
when a normal cat is anesthetized with nembutal, the cervical lymphatic 
trunks cannulated with the cannulas pointing toward the head, the 
esophagus tied, and the trachea cannulated. If under such circumstances 
a centimeter of 3 per cent trypan blue in physiological saline is instilled 
gently into the nose, the cervical lymph displays strong blue coloration 
in fifteen to twenty minutes. 

In summary, then, the lymphatic system in mammals in the light of 
modern experiment apparently operates as follows: 

1. Such blood proteins as leave the capillaries to enter the tissue 
fluid are removed by the lymphatics. Under normal circumstances 
this function is called into play by changes in position, movement, either 
active or passive, and tissue pressure. In complete quiescence as in sleep 
or anesthesia lymph drainage is negligible, except from the abdominal 
region where intestinal movements are very potent in pumping the 
lymph into the thoracic duct. 
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2. The composition of lymph is that of dilute blood plasma. This is 
due to the filtration of products from the blood, and not, as has been 
suggested, to their universal production in the tissues. Too many experi- 
ments on alterations of lymph flow and composition depending upon 
changes in blood flow, pressure, and composition exist to require empha- 
sis upon this point. There is no evidence in favor of it and no evidence 
in favor of selective phagocytic action on the part of lymphatic 
endothelium. 


LYMPHATIC FUNCTION UNDER ABNORMAL ConDITIONS 


In 1932, I undertook, with my associates, to display some of the 
functions of the lymphatic system through a very old type of physio- 
logical attack, namely, the ablation of lymphatic function in a part, our 
conclusions as to the normal being dependent on what failed to happen 
when the lymphatics were rendered functionless. Efforts to stop drain- 
age by direct surgical methods have never been successful, and I believe 
that lacking the more persistent effects of infection, clinical edemas 
are never due to lymph block alone. Let me remind you of the excellent 
experiments of Reichert,’® in Halsted’s laboratory. He divided all of 
the tissues in the thigh of the dog except artery, vein, and nerve to break 
continuity as completely as possible. The tissues were then sewn 
together and healing took place. The leg distal to the section began to 
swell on the second day; the swelling reached a maximum on the 
fourth or fifth day, but by the eighth or ninth day had subsided com- 
pletely. It was possible by ink injections to show that lymphatics had 
regenerated across the wound by the fourth day. Lymph drainage 
cannot be extinguished by such measures, even if coupled with radical 
dissection of the lymph nodes in the groin and along the iliac vessels. 

In thinking over the problem several factors were clear. First of all, 
surgery alone could not get the better of the powers of lymphatics to 
regenerate. Second, where lymphatic obstruction seemed to be present, 
as in the case of tropical elephantiasis and of the non-filarial elephant- 
iases seen in the north, the condition almost invariably developed over 
long periods of time and was the expression of repeated or persistent 
attacks of some agent or other upon lymphatics and lymph nodes. It 
was thus fair to believe that experimental ablation of lymph function 
must follow what clinical observation had indicated as necessary. 
The experiments devised were simple enough.’ Repeated, centrally 
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Fig. 5—Lymphatics in the hind leg of the dog with sites of successive 
injections of quinine hydrochloride and crystalline silica. Each bar 
indicates a central injection of quinine hydrochloride and crystalline 
silica. (From: Drinker, C. K., Field, M. E. and Homans, J. The 
experimental production of edema and elephantiasis as a result of 
lymphatic obstruction, Am. J. Physiol., 1934, 108: 509.) 





Fig. 6—Elephantiasis in a dog from repeated intralymphatic injections 
of quinine hydrochloride and crystalline silica. (From: Drinker, C. K., 
Field, M. E. and Homans, J. The experimental production of edema 
and elephantiasis as a result of lymphatic obstruction, dm. J. Physiol., 
1934, 108: 509.) 
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directed injections of a suspension of finely divided crystalline silica 
in 2.5 per cent quinine hydrochloride were used (Fig. 5). In this 
mixture the quinine caused a painless necrosis of the tissues and the silica 
induced progressive fibrosis just as it does when inhaled into the lungs. 
By steady attack upon lymph nodes, normal vessels, anastomotic chan- 
nels, and new vessels, lymphedema was produced and with it other 
things began to happen. The first of these was fibrous overgrowth, 
typical elephantiatic change, as shown in Fig. 6, which eventually 
progressed to epithelial proliferation in the foot pads. The second was 
the appearance of an astonishing susceptibility to streptococcic infection. 
Perhaps it may seem that what these rather labored experiments accom- 
plished was all known to clinicians before the experiments were done, 
but that is not the case. Let us see what happens when lymphatic func- 
tion is seriously interrupted. As a result of repeated sclerosing injections 
edema appeared, and since there was no possibility of vein involvement 
this edema was a pure expression of what lymphatic obstruction could 
mean. It developed slowly, and as the edema fluid which was easily 
obtained by subcutaneous puncture was examined we knew what the 
lymphatics would have been doing had the injections failed to obliterate 
them. First of all, an ordinary pitting edema was established. This was 
entirely unaccompanied by pain and was varyingly progressive. In the 
beginning we were under the delusion that if our dexterity and endur- 
ance were great enough all the lymphatics in the legs of these dogs 
might be obliterated. That I am sure was never accomplished. What we 
really found was that if the central lines of lymph movement were 
systematically damaged, then peripheral lymphatics readily dilated, 
the valves became inadequate, and nothing could assure movement of 
lymph toward the blood except elevation of the part and the influence 
of gravity. In addition to fluid accumulation, the leg at once began to 
grow and the growth was wholly at the site of fluid accumulation— 
in the skin and subcutaneous tissues. The tissue fluid gained steadily 
in protein until concentrations as high as 5 per cent were reached. 
Added to tissue growth, which was an inescapable feature of lymph 
block, another thing happened which has not been explained and appar- 
ently was wholly inevitable. This was the matter of susceptibility to 
infection. The dog has practically no bacterial enemies. He is subject 
to virus, protozoal, and major parasitic diseases, but it requires prepara- 
tion or mass infection to trouble him through the ordinary pathogenic 
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Fig. 7—Details of a typical infectious attack in the lymphedematous 
and elephantiatic leg of the dog shown in figure 6. Line A, leukocytes 
in the edema fluid in thousands per cubic millimeter; line B, rectal 
temperature in degrees Fahrenheit; line C, protein in the edema fluid 
in grams per cent; line D, leukocyte count in blood per cubic milli- 
meter. Ordinates as given for the different curves; abscissa, hours. 
Plus signs indicate cultures of edema fluid positive for hemolytic 
streptococci; minus signs, negative cultures. (From: Drinker, C. K., 
Field, M. E., Ward, H. K. and Lyons, C. Increased susceptibility to 
local infection following blockage of lymph drainage, dm. J. Physiol., 
1935, 112: 74.) 


micro-organisms. Yet when lymphatic obstruction had been established 
something quite different was in order. Dogs, with this experimental 
interference with lymph flow, have attacks of streptococcic infection 
in the part involved. For example, in Fig. 7 there is shown the sudden, 
spontaneous infection of an animal with lymphatic obstruction. Late 
in the afternoon it was observed that the dog was limping, favoring his 
elephantiatic leg. His temperature was at once taken and the course of 
events seen in Fig. 7 followed. This experience, repeated in other dogs 
and frequent in human patients, indicates all too clearly one of the un- 
happy consequences of lymphatic obstruction. 

In Fig. 8 there is a similar chart of the reaction of the same dog to 
inoculation of the same streptococcus into his lymphedematous leg. 
It had been shown previously that inoculation of large amounts of the 
same culture into normal parts had no effect, and this finding was con- 


246 THE BULLETIN 











CUMM-A&D 
TEMP-B 


gm (000 PER 
a 
_— 3 PERCENT-C 


M40 114 MF 


20 il2 2 


60 06 6 





40 104 4} 


+B 
20 02 2+ \ 
10> 











o0mo 





Fig. 8—Details of an infectious attack in the dog subject to the 
spontaneous seizure shown in figure 7. In this case the attack was 
induced by injection of a dilute culture of the hemolytic streptococcus 
isolated during the previous spontaneous attack. Charting identical 
with figure 7. At the arrow 0.3 c.c. per kilogram of a dilute culture 
containing 1300 colonies of streptococci per cubic centimeter recovered 
from specimens of edema fluid. (From: Drinker, C. K., Field, M. E., 
Ward, H. D., and Lyons, C. Increased susceptibility to local infection 
following blockage of lymph drainage, Am. J. Physiol., 1935, 112 : 74.) 


firmed upon other dogs. Notice the sudden rise in the temperature and 
in the leukocyte count in the edema fluid which followed steady increase 
of the organisms in the fluid. Cultures very promptly became negative 
following the febrile explosion, a possible reason why streptococci are 
so seldom recovered from human cases experiencing similar attacks. 

The results may be summarized as follows: 

1. When lymphatics are obstructed the constituents of the lymph 
appear in the tissue fluid. What these all are no one knows, but the 
increasing concentration of blood proteins gives a reliable indication 
of the progress of events. This has been shown in animals and in human 
cases of elephantiasis. 

2. With the appearance of lymphedema, deposition of fibrous tissue 
begins promptly and is progressive in direct proportion to the complete- 
ness of lymph block. 
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3. Regions of lymph block develop a surprising susceptibility to 
infection. So far as is known, this is streptococcic alone, but other organ- 
isms may be infective if they can enter the site of lymphedema. 

All of these observations on the relation of the lymphatic apparatus 
to infection return us to the old question of why mammals have lympha- 
tics at all. The predicament is plain enough. For example, in man the 
lymph from the outside of the foot enters draining lymphatic trunks 
which take it to a node in the popliteal space. This drainage way is open, 
highly organized, and quite uniform, yet I think that very few of us 
at any time in our lives will have an infection on the outside of the 
foot or lower leg with drainage into the popliteal node. It is hard to 
believe that such an elaboration of vessels as is existent in the area in 
question and in many analogous regions, exists solely for defense, this 
issue being one infrequently or never raised in the whole life of the 
individual. We are accustomed to adaptations which serve a certainty 
of use, but if defense is the use, then there is throughout the body infinite 
elaboration of a system which in the life of the individual may never 
have significant employment. 

I believe that in mammals the lymphatic system retains its primitive 
position as part of the circulatory apparatus, but, because the perme- 
ability of peripheral blood capillaries to protein is not quantitatively 
great, this function is overlooked until lymph drainage becomes an 
important matter, as it does when infection is spreading or when the 
system is blocked and edema, elephantiasis, and hypersusceptibility to 
infection are inevitable. 

Let me bring to your attention certain experiments performed dur- 
ing the last few years which, at least, do one thing. They illustrate the 
place of the lymphatics in certain unfortunate conditions, and the lack 
of knowledge in regard to the physiology and pathology of vascular 
and lymphatic permeability in certain situations. These experiments 
deal with both the lymphatics and the lymph nodes. 

Rabbits were the subjects, anesthetized with nembutal. When a 
blood infection’? is caused in a rabbit by a Type III pneumococcus, the 
blood and lymph pictures of the animal are as is shown in Fig. 9g, and, 
while antipneumococcus serum is extremely effective in sterilizing the 
blood when injected intravenously, it is not efficient in sterilizing the 
lymph. It can be understood that while the blood capillaries in the 
major sense—excluding those of the intestines and liver—are permeable 
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Fig. 9—Solid line, number of Type III pneumococci in the blood; 
broken line, number of organisms in the thoracic duct lymph; dotted 
line, sections of blood and lymph curves, probable numbers of pneumo- 
cocci before and after the time of antiserum injection. At A, 8.0 cc. 
of Antipneumococcus Type III rabbit serum were given intravenously. 
(From: Drinker, C. K., Enders, J. F., Shaffer, M. F. and Leigh, O. C. 
The emigration of pneumococci type III from the blood into the 
thoracic duct lymph of rabbits, and the survival of these organisms in 
the lymph following intravenous injection of specific antiserum, J. 
Ezper. Med., 1935, 62 : 849.) 


Fig. 10—An experiment similar to that in Fig. 9. At A, 10 cc. of 
Antipneumococcus Type III horse serum were given intravenously. 
(From: Drinker, C. K., Enders, J. F., Shaffer, M. F. and Leigh, O.C. 
The emigration of pneumococci type III from the blood into the thoracic 
duct lymph of rabbits, and the survival of these organisms in the lymph 
following intravenous injection of specific antiserum, J. Exper. Med., 
1935, 62: 849.) 


to protein, they are not permeable enough to permit the diffusion of 
more than a fraction of the antibodies necessary to check this bacterial 
infection. In a later series of experiments,’* it was shown that when 
rabbits were infected with a virulent Type III pneumococcus given 
intravenously, the organisms were found promptly in cervical and 
in leg lymph. The isolation and survival of organisms in such regions 
seems to be due to the fact that the concentration of antibodies leaving 
the blood and eventually reaching the lymphatics is always well below 
that in the blood. Indeed, if current ideas as to the limits of normal 
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capillary permeability were followed it would be impossible to reach 
extracapillary regions with any but traces of the anti-substances injected 
intravenously or subcutaneously. 

While a fair delivery of such intravenous injections to the tissues 
may be expected, apparently killing concentrations will not be attained 
unless the anti-substances are of very high potency and reasonable 
diffusibility. 


Tue Functions oF THE Lympu Nopes 


The lymph nodes represent an addition to the lymphatic apparatus 
which is most puzzling. Let me remind you that as the scale of evolution 
is passed birds are reached before true peripheral organization of lym- 
phatic tissue in glands is encountered, and then only in certain diving 
birds such as ducks and not in the ordinary domestic fowl with which 
we are familiar. Furthermore, even in the birds which do possess lymph 
nodes they are relatively isolated and insignificant affairs. Because of 
the fact that the lymphoid tissue in the mammal is so diffuse, it is 
discounted as an every-day influence in the body. Yet careful quanti- 
tations show that the total lymphoid organ in rabbits** makes about 
3.3 per cent of the body weight. If this figure is transferred to a 150 
pound man it means approximately five pounds of lymphoid tissue. 

Why does man possess so large and so diffuse an organ? No one 
can say. At the present time, we are trying to find the normal lympho- 
cyte production of isolated nodes, but this problem and the even more 
debatable one of the large delivery of lymphocytes through the thoracic 
duct to the blood and the simultaneous fact that the blood does not 
increase in lymphocyte content are mysteries at present beyond our 
knowledge. 

That the lymph glands are effective filters is easy to show. It is a 
question whether or not any extravascular protein can get back to the 
blood vessels without going through a lymph node, and this possible 
restriction applies to all visible and invisible foreign aggregates in the 
tissues beyond the dimensions of inorganic or relatively simple solutes. 
In any event, it is sure that little or no material which reaches the tissues 
either through the blood capillaries or by accidental entrance from 
without gets back to the blood without first passing through a lymph 
node. This being the case, it is fair to attempt to appraise the nodes as 
filters, and we have made such experiments with a variety of particles 
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both animate and inanimate. In all cases it is sufficiently easy to show that 
the lymph nodes are quite effective. 

Lymph flowing into a node from a number of afferent vessels 
reaches the marginal sinus and finds itself in a relatively large umbrella- 
shaped lake, where rate of flow at once becomes exceedingly low and 
every opportunity for settling occurs. In addition to this beautifully 
arranged mechanical effect there is the biological action of the endo- 
thelial phagocytes in the lymph node reticulum, so that even if relatively 
huge doses of streptococci are drifted in through afferent lymphatics the 
number escaping the node is practically negligible.** When actual lymph 
node infection is established, then the node may steadily feed organisms 
into the slow lymph stream. From being a filter the node becomes an 
unassailable cesspool draining eventually into the blood which in its 
turn may be reasonably capable of dealing with the organisms which 
enter it. Recent experiments’*"* have shown that the lymph nodes have 
importance in the formation of antibodies, but it is all too evident that 
this function is often impotent and the nodes become centers of bacterial 
growth rather than the depositories of dead or agglutinated organisms. 

In addition to filtration the nodes steadily pour lymphocytes into 
the lymph stream. Any degree of massage or of rapid lymph movement 
accelerates the delivery of the cells which border the sinuses and indeed 
of anything in the sinuses. How little massage is necessary is rarely rea- 
lized. I am convinced, for example, that the movements of swallowing 
have much to do with the expression of lymphocytes and infectious 
material from the tonsils into the cervical lymphatic pathways. 

So much, then, for the general features of lymphatic function which 
can be covered in the space of a single lecture. Perhaps what I have said 
makes it seem we really know a good deal about this system. It was in 
1627 when Asellius in his vivisection of a “well nourished dog” first 
saw the widespread distribution of the lacteal vessels in the mesentery. 
Since his time William Hunter, Cruikshank, Ludwig, Heidenhain, 
Starling and many lesser lights have broken lances with the problems 
of lymph production, lymph flow, and lymph node function. The great 
encouragement today lies in the increasing availability of direct methods 
of experiment, so that this circulation in mammals may be slowly taken 
to pieces physiologically, just as has been the case with the circulation 
of the blood. 
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RADIOTHERAPY OF TUMORS OF THE 
URINARY TRACT* , 


BENJAMIN S. BARRINGER 
Urologist, Memorial Hospital 

@SeseseSeSeSe9 HE RADIATION therapy of urinary tumors—kidney, bladder 

and prostate—has taken on in the last ten years formidable 

T proportions. Surgery has had more and more to acknowl- 

edge the potency of this valuable adjunct to its craft. 

Gesesesesesesa] Lhis, the surgeon on the whole has been rather reluctant 

to admit. Changes from old established forms are difficult—even if the 
old methods are far from adequate. 

There are perfectly good reasons for this slow acceptance of the 
tenets of a new art of healing. In it have been involved intricate prob- 
lems of physics—almost unbelievable new precepts. For example the 
idea that a ray of energy could destroy a cancer in the interior of the 
body without affecting particularly the surrounding normal structures 
was new. So were the development of expensive new machines, and 
the utilization of radium, a newly discovered element. A quite extraordi- 
nary cooperation between the surgeon, the pathologist, the radiation 
expert, the physicist, the chemist, the biochemist and others was required. 
All this has involved a somewhat new and intricate setup in hospitals 
specially equipped to perform this function. 

So the development of radiation therapy has been slow and hesitant, 
but the moving power behind it has been the relative impotency of 
surgery in dealing with urinary cancers. The present assured position 
of radiation therapy has been due to a certain partial success in dealing 
with certain phases of the cure of cancer. This success has been due 
in part to the method of approach established in cancer hospitals twenty 
years ago. These hospitals believe that radiation therapy must be in the 
hands of and actually performed by the trained special surgeon ( radium 
therapy) or when used as an adjunct to surgery (Roentgen-ray therapy) 
it must be adequately understood by the surgeon and applied through 
cooperation of the surgeon and the roentgenologist. 
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* Delivered November 11, 1937 in the Tenth Annual Graduate Fortnight. s ad 
A portion of the introductory remarks are taken from a chapter by the author in Modern Urology 
edited by Hugh Cabot. 








Fr 





Radiotherapy of Tumors of the Urinary Tract 253 











We therefore see the reason for the specially equipped surgeon 
working in the specially equipped hospital, in other words, the cancer 
center. 

Radiation therapy as a whole is divided into two separate and dis- 
tinct parts. 

First, radiation may be given from a source outside the body for the 
purpose of destroying tumors within the body. The two sources of 
this radiant energy are Roentgen ray and radium “packs.” By this 
method no operation is done and no operative exposure of the tumor is 
made with the purpose of bringing the tumor nearer or more completely 
under the influence of the rays. 

Second, radium or its collected and imprisoned emanation may be 
introduced directly into the tumor with or without the assistance of 
surgical exposure. Radium alone can be used in this way. 

For all practical purposes external irradiation is limited to that pro- 
duced by the so-called deep x-ray machines, either of the 200 K. V. 
type or the 700 K. V. type. 


EXTERNAL IRRADIATION 


If the tumor bearing organ were on the surface of the body, the 
problem of its irradiation would be simple. But we have to meet con- 
ditions as they are. The barrier which has to be considered is the skin. 
This is particularly vulnerable because of its relatively poor blood supply. 
The amount of irradiation that can be delivered to an internal cancer 
bearing area is limited by the amount the skin can stand. From this has 
arisen the term erythema dose, which means the amount of reaction, 
reddening or blistering that the skin undergoes following external irradia- 
tion. This skin tolerance is much greater than was originally thought. 
The skin will stand two or three times more than believed several years 
ago. Today in the first series of irradiation it is our habit to blister mildly 
the superficial skin areas. From this the skin easily and permanently 
recovers. Much more care has to be taken with subsequent irradiation 
and smaller doses have to be given. 

Different organs of the body vary in the amount of irradiation they 
can receive on account of the different external ports through which 
the irradiation can be given. Thus the kidney can be irradiated through 
only three portals, anterior in front of the kidney, posterior behind the 
kidney and lateral. No irradiation can be given above or below the 
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kidney. The bladder and prostate can receive irradiation from seven 
portals of entry, right and left groins anteriorly, right and left posteriorly, 
right and left lateral regions, and through the perineum. 


RADIO-SENSITIVITY OF CANCERS 


Different tumors have varying degrees of sensitivity to irradiation. 
Some are highly sensitive and some almost insensitive. The relative 
sensitivity of tumors is determined primarily by the clinician who exam- 
ines a tumor before and after irradiation. If the tumor diminishes in 
size and subsequently disappears in a few weeks, such a tumor is said to 
be highly radio-sensitive. Some tumors, such as the embryonal teratoma, 
disappear and never recur again. They are for all time destroyed. Other 
tumors such as the lympho-sarcomata disappear only to reappear. There 
should be a term to designate this difference, for example, absolute and 
relative radio-sensitivity. 

By correlating the pathological examination with the clinical behavior 
of a radiated tumor, the pathologist after much experience can give a 
reasonably accurate opinion as to whether a tumor is radio-sensitive or 
radio-resistant. The more cellular and the more embryonic is its struc- 
ture, the more radio-sensitive is a tumor. 

The Wilms’ tumor of the kidney and the embryonal teratoma of 
the testis are highly radio-sensitive. The former, however, is rarely cured 
by external irradiation, while the latter may be. 

Only a comparatively small percentage of tumors of the bladder 
and prostate are radio-sensitive, perhaps 10 to 15 per cent. This means 
that on the whole external irradiation alone is, in these, ineffective. 

The pathological examination of portions of these tumors gives a 
very valuable index of their radio-sensitivity, and should if possible be 
done prior to planning treatment, as it may modify this treatment very 
considerably. 


RADIATION THERAPY OF KipNEY TUMoRS 


These are large sized internal tumors with a rich blood supply. 
Because of their anatomical position and size any intra-tumor radiation 
by means of radium needles, or seeds, is out of the question. External 
irradiation alone can be effective. 

These tumors divide sharply into two classes as far as the possibility 
of control by radiation is concerned. The Wilms’ tumors of children 








\- 


oO 


a OD 





Radiotherapy of Tumors of the Urinary Tract 255 











have proved to be very radio-sensitive. The adult tumors are in a 
radio-resistant class and show only occasional and unpredictable regres- 
sions under external irradiation. Up to two or three years ago irradia- 
tion of Wilms’ tumors gave extraordinary but unfortunately only 
temporary regressions in the size of the tumor. Because of the temporary 
nature of the regressions it was thought that if nephrectomy was per- 
formed at the height of the post-radiation regression two things would 
be accomplished. A heretofore deadly operation would become relatively 
benign, and more cures would result. The former estimate proved correct 
but the latter probably not. There are to date very few cures resulting. 

The opinion was then expressed that these tumors were getting too 
large doses of x-ray in too short a time. This resulted in doses of 100 R 
or less being given to these tumors at a distance of 50 cm. through three 
portals of entry over a period of months. The children can stand this 
long irradiation very well. In a very few cases the tumors have shown 
semi-permanent regression. Possibly we are on the right track. One 
child has gone three years and one month (case of Dr. Walter McNeill) 
and one, a year under this regime. It certainly suggests that irradiation 
alone can cause the permanent regression we have all sought. Under 
irradiation alone the possibilities of metastases must be much reduced. 
With the operative removal of such tumors, tumor cells must often be 
set free in the blood stream. 


BLADDER Tumors 


These are semi-internal tumors which ought to be definitely diag- 
nosed early in their destructive career. Hematuria is an early and 
prominent symptom. The tumors are not large as compared with kidney 
tumors. Can be seen through a cystoscope and can be diagnosed 
pathologically by pieces removed cystoscopically. As a class they are 
radio-insensitive. External irradiation has had little place in their control. 
Intrinsic or surface applications of radium applied through the cystoscope 
or the open bladder have been the means of control to date. Because 
most bladder tumors grow on the bladder base near the ureter openings 
or internal urethra, the treatment of these tumors by radium even if 
through the bladder opened suprapubicly seemed to carry with it less 
danger than the removal of the tumors by operation. Radium treatment 
on the other hand has certain definite disadvantages, slough formation 
in certain cases, increase of infection, calcareous deposit on the radium 
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slough. These to my mind seem to be over balanced by its advantages. 

The results of radium treatment in our hands, the radium either 
applied through the cystoscope where the mortality of the procedure is 
nil, or through the bladder opened suprapubicly, are: 

3 year cures in 215 cases—6g or 32 per cent 

5 year cures in 215 cases—52 or 24.1 per cent 
The total number of cases in which the bladder has become cancer free 
are 96 or 44.6 per cent. 

These statistics include all cases large and small of bladder cancer 
(no papillomata are included) in which the tumor was believed confined 
to the bladder. Many of the cases were in the class of so-called inopera- 
bility if we exclude total cystectomy. 

The pathological examination of the cured cases show: 


*Papilloma with atypical cells . . . . . . «+ 5 
Papillary Carcinoma . . . . . ..... + I 
Infiltrating Carcinoma ........ . . 16 
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The control of a greater percentage of cases would seem to be along 
the line of perfecting various methods of irradiation with probably 
some part to be played by external irradiation in the higher grades of 
malignancy. 


Prostatic CANCER 


Prostatic cancer shows a quite different picture. 

In 351 consecutive cases seen at the Memorial Hospital there were 
but sixteen cases (4.5 per cent) which might be called reasonably small, 
that were confined to the prostate and peri-prostatic region. Twenty- 
six (7.4 per cent) were classified as medium size; that is well beyond 
the prostate proper, not too large and entirely within reach of the exam- 





* Only a part of these tumors have been graded. 
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ining finger. All of the remaining cases, 309 (88 per cent), were 
extensive; that is the tumor itself was very large or if the tumor was 
not large the extensions around the seminal vesicles or to the lateral 
pelvic walls were definite, or the bladder was secondarily involved, or 
the tumor arose post operatively, or bone or other metastases were 
present. Combinations of these assured us of the hopelessness of the 
picture. 

From another angle, in one year seventeen out of twenty-nine cases 
were beyond any treatment whatsoever. This is certainly a gloomy 
picture and to a certain extent reflects on the astuteness of the physician, 
who had the privilege of first examining the patient. Both the medical 
student and the practicing physician must be better trained. On the 
other hand one can hardly blame the physician too much because even 
after the diagnosis of prostatic carcinoma had been made and the patient 
is turned over to the specialist, he sees in most cases death inevitably 
supervene. In many cases all that can be done is to ameliorate symptoms 
and make oncoming death more bearable. Yet there are some rays of 
hope; twenty-nine (a little over 8 per cent) of these 322 cases were well 
from varying periods between three years and seventeen years and ten 
months. That is, the prostatic condition was such as to make one believe 
that the carcinoma was controlled. Nine went from three to five years; 
sixteen from five to ten years, and four more than ten years. It is perfectly 
possible that not all of these cases are cured. Time alone will determine. 

We know that while the majority of prostatic carcinomas are slow- 
growing and radio-insensitive, from 10 to 20 per cent are actively 
growing and radio-sensitive. We know that in some cases the carcinoma 
remains confined to the prostatic and peri-prostatic region for apparently 
a long time (years?) with little tendency to metastasize. 

The aspiration biopsy if properly developed and interpreted is a 
great help in making an early diagnosis. In 80 per cent of cases we can, 
by means of aspiration through the perineum, obtain prostatic tissue in 
sufficient quantity to make a diagnosis. 

Transurethral resection of the prostate has been a great advance in 
coping with urinary retention, while irradiation by radium of the 
prostate has developed and become sufficiently accurate to enable one 
to radiate a prostate without excessive pain to the patient. External 
irradiation in sufficient quantity to be of any use has only developed in 
the last few years. 
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It is not within the scope of this paper to discuss the operative removal 
of prostatic carcinoma. In a few selected cases the perineal operation 
of Young can be used to cure the disease. Successful removal of any 
large number of prostatic carcinomas by operation would seem to be 
out of the question. Extension of radiation therapy would seem to offer 
much more. 

At present the irradiation consists of combining external irradiation 
with intra-prostatic irradiation by radium. This latter is by means of 
removable perineal needles or gold seeds introduced through the cysto- 
scope through the open bladder or various combinations of these. 

We might hope with these methods to achieve at least a 15 per 
cent five-year cure. 
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PATHOLOGICAL PHYSIOLOGY OF BLADDER NECK 
OBSTRUCTION* 


W. E. Lower 


Cleveland Clinic, Cleveland 
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SesesesesesedHE acT of micturition is an extremely complicated pro- 
cess which requires the harmonious coordination of 
both voluntary and involuntary muscles. Many factors 
may interfere with this coordination, resulting in either 
asa5e5e5e5e5.) retention or incontinence of urine, and at no time may 
there be any pathological changes in the structures directly concerned in 
the act. The influence of environment upon the act of micturition is well 
known. It is a common occurrence to observe a patient who is absolutely 
unable to furnish a specimen of urine in your presence. 

The effect upon urination of an inflammatory condition of the pelvis 
which does not directly involve the bladder neck is frequently observed, 
and retention of urine following operations for hemorrhoids, hernia, etc., 
is a common occurrence. Lesions of the spinal cord and even lesions of 
the central nervous system are a common cause of functional disturbance 
of urination. Thus, there is a great variety of conditions which may pro- 
duce a pathological physiology of the bladder neck and interfere with 
the function of urination. In short, controlled bladder neck obstruction 
is a normal condition which is necessary for the comfort and health of 
the individual. It is only when this obstruction is entirely beyond the 
control of the patient that we speak of it as pathological. There are many 
local conditions at the bladder neck that may produce obstruction. The 
most common, of course, is the prostate gland and it is this phase which I 
desire to discuss, especially the cause of prostatic hypertrophy. As the 
prostate gland entirely surrounds the bladder neck, it is easy to see how 
certain changes in this organ could cause partial or even complete reten- 
tion, either mechanically or by interfering with the mechanism of mus- 
cular control at the bladder neck, and I am not too sure but that the 
interference in the musculature of the bladder neck is more responsible 
than the actual mechanical block. If so-called benign prostatic hyper- 
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trophy were part of the process of growing old, then all old men should 
have it but such is not the case. On the contrary, only about 40 per cent 
of men past fifty-five are so troubled, and even men much younger may 
have obstruction due to the prostate. 

The theories formerly advanced as to the cause of the change in 
benign prostatic hypertrophy are not tenable and most writers have ad- 
mitted that the real cause is unknown. It has long been known that if a 
young male animal be castrated, the prostate and seminal vesicles do not 
develop and if the testes of an adult be removed, the prostate and seminal 
vesicles atrophy. These results demonstrated the relationship between 
the testes and the secondary sex organs. In recent years, it has become 
increasingly evident that relationships between such organs as the testes 
and the prostate are further complicated by interrelationships with other 
organs, the pituitary gland in particular. It has been our aim to throw 
further light on the question of prostatic hypertrophy by studies of the 
intricate interrelationship which exists among the pituitary, gonads, and 
prostate. Some of our experimental investigations in this field are pre- 
sented in this report. The chief of our Department of Biochemical Re- 
search, Dr. D. R. McCullagh, has done the chemical investigative work, 
and the technical work has been done by Dr. and Mrs. Eugene Cutuly. 
Mr. W. Kenneth Cuyler has assisted in making the assays. 

The primary sex glands, the testes, consist essentially of two types of 
tissues: (1) the convoluted tubules, containing the reproductive elements 
and Sertoli cells and (2) intertubular elements, among which are found 
the interstitial cells. There is every reason to believe that in mammals the 
interstitial cells of the testes produce one or more substances generically 
referred to as androgens or male hormones. Recent advances in bio- 
chemical research have made possible the synthesis of numerous andro- 
genic substances. These substances produce similar, but not necessarily 
identical, biological effects. Thus far, testosterone propionate is the most 
potent of all the synthetic male hormones yet prepared, and is one of the 
forms in which it is now used clinically. In order to avoid confusion, let 
us assume that the interstitial cells of the testis produce one male hormone 
and that this hormone is testosterone propionate. It is appreciated that this 
assumption may be proved to be incorrect; but even though it should be 
demonstrated that the interstitial cells elaborate a number of male hor- 
mones, the interpretation of our data will not be materially affected. 

The function of the secretion of the interstitial cells, which we are 
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assuming is testosterone propionate, is to cause growth and development 
of the secondary sexual organs and characteristics. In mammals these 
include the prostate gland, seminal vesicles, scrotum, Cowper’s glands, 
penis, vocal cords, distribution of hair, and others. There is no doubt that 
the accessory sexual organs are under the control of the secretion of the 
interstitial cells of the testis. Numerous investigations have established the 
fact that castration causes atrophy of the accessory glands and that male 
hormone supplied to castrated animals can prevent or repair such atrophic 
changes. In our studies, the accessory sexual organs which have claimed 
the greatest attention are the prostate, seminal vesicles and scrotum. 

The secondary sexual organs are not the only structures which under- 
go gross and histological modifications following orchidectomy. In the 
rat the pituitary gland, too, shows definite changes after castration. Inves- 
tigators do not concur on all points in this respect, but it is generally 
agreed that removal of the testes causes in the anterior lobe of the pitui- 
tary gland of the rat (1) the formation of vacuolated basophilic cells 
which are known as castration cells, and (2) transformation of chromo- 
philic cells into chromophilic cells with basophilic granules. Divergent 
opinions are held as to the changes which occur in the eosinophilic cells. 
The formation of castration cells and the basophilism which occurs in the 
anterior pituitary after testicular ablation in the rat can be prevented or 
corrected by male hormone, such as testosterone propionate. 

It may be said, therefore, that male hormone administered to castrated 
rats can, to a large extent, act as a substitute for the interstitial cells of the 
testis. 

Castration is followed by certain changes because the interstitial cells 
are actually removed from the body. It is not necessary, however, to 
castrate a rat in order to induce atrophy of the prostate, seminal vesicles, 
scrotum, and other accessory sexual glands. Regression of these organs 
occurs just as rapidly following hypophysectomy as after castration. This 
effect is brought about because activity of the interstitial cells is depend- 
ent upon gonadotropic hormone. In the normal animal, gonadotropic 
hormone is supplied by the anterior lobe of the pituitary gland. When 
this organ is removed, therefore, the interstitial cells of the testes degen- 
erate and cease producing male hormone. In hypophysectomized rats the 
interstitial cells of the testes which have undergone atrophy can be 
stimulated to activity by various means. Among the methods employed 
for this purpose may be mentioned the use of pituitary implantations, 
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crude pituitary extracts, purified hypophyseal gonadotropic hormone, 
pregnancy urine extracts, and pituitary hormone from parabiotic animals. 

One of our main objectives has been to discover how the size of the 
prostate can be increased or decreased experimentally. Since the prostate 
is controlled by hormone from the interstitial cells of the testes, and since 
the interstitial cells are controlied by the anterior lobe of the pituitary, 
we have been interested in devising methods by which the pituitary- 
gonadal relationship might be modified experimentally. A method which 
has proved to be very useful and which I shall discuss in some detail has 
been that of parabiosis. 

Rats to be joined in parabiosis are anesthetized with ether and laid on 
a table facing one another. The skin on the uppermost side of each animal 
is clipped, and in each a long incision is made through this skin. The lateral 
abdominal muscles are thus exposed and a short incision is made through 
these muscles so that the body cavity is laid open. The cut edges of the 
muscles of the two animals are then approximated like two pairs of closed 
lips and fixed thus with interrupted sutures of silk. Wound clips are used 
to bring together the skins of the two animals. Starting three or four days 
after this operation, a few skin clips are removed every day until none 
remain. Healing usually requires one to two weeks in adult rats. Between 
the animals there is formed a bridge of muscular tissue in which capillaries 
from the two animals anastomose. It has been demonstrated that hypo- 
physeal hormone can be made to pass from one animal to the other 
through such a capillary anastomotic network. 

When two normal male rats are joined parabiotically no changes 
occur in either animal. If one of the animals be castrated, however, the 
secondary sexual organs of the normal twin become hypertrophied. This 
hypertrophy can be explained as follows. The pituitaries of castrated rats 
are known not only to undergo the gross and histological changes which 
have been mentioned, but also to become hyperactive as far as gonado- 
tropic hormone is concerned. The pituitary of a castrated parabiont 
releases an excess of gonad-stimulating hormone which passes into the 
normal partner and there stimulates the testes to increase their output of 
male hormone. This increase in testis hormone is responsible for the 
hypertrophy of the accessory sexual organs. Evaluation of such results, 
however, is difficult, for one must take into consideration the fact that 
both parabionts possess pituitaries and that both pituitaries are producing 
gonadotropic hormone. This difficullty can be obviated if the test animal 
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is hypophysectomized. 

Results have been obtained on many pairs of rats of which one mem- 
ber has been a hypophysectomized twin. Our usual procedure is to begin 
an experiment with two normal littermates. After healing has occurred, 
one of the twins is hypophysectomized. In our experience the testes of a 
hypophysectomized parabiont joined with a normal partner almost 
always regress as rapidly as they do in nen-parabiotic hypophysectomized 
rats. While atrophy of the testes may be slightly retarded, it is never 
prevented. 

In order to prevent or correct testicular atrophy in a hypophy- 
sectomized parabiont, it is essential that such a twin be joined with a 
castrated male or female partner. When the donor twin is a castrate 
(regardless of sex), the following effects occur in a hypophysectomized 
test animal: (1) If the test animal is a male, both the tubules and inter- 
stitial cells of the testes are maintained in, or restored to, a completely 
normal condition. Such animals are capable of mating with female rats 
and siring normal litters. This fact is conclusive evidence that the entire 
genital tract of these animals is functioning in a normal manner. (2) If 
the hypophysectomized test animal is a female rat joined with a castrated 
partner, she will go into a state of continuous vaginal estrus or “heat,” as 
shown by daily smears of cornified cells. It has been shown by other 
investigators that such females do not ovulate. They may, however, have 
sterile matings. 

These reactions in hypophysectomized male or female parabionts 
have proved to be of great diagnostic value. In the hypophysectomized 
male test animal, for example, the scrotum, being under the control of the 
interstitial cells of the testes, indicates the degree of interstitial cell activ- 
ity by the extent of its turgescence and flushing. The condition of the 
scrotum, in turn, parallels that of the prostate and seminal vesicles. Since 
the interstitial cells form only a small fraction of the testis volume, marked 
increases in testicular size largely reflect growth and development of the 
tubular components. Thus it is possible to judge changes which may 
occur in the genital tract from time to time without the necessity of sac- 
rificing the test animal. While the situation in the female is not so clear, 
it is known that changes can be induced, so that the vagina can be caused 
to pass from an active estrous phase into a resting diestrous state. 

Summarizing thus far, it may be said that an excess of hypophyseal 
gonadotropic hormone can pass from a castrated male or female rat into 
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a hypophysectomized test animal. The hypophysectomized male para- 
biont responds to this gonadotropic hormone by marked testicular activ- 
ity which is outwardly manifested by increase in testis size and by growth 
and vascularization of the scrotum. When the partner of a castrate is a 
hypophysectomized female, this latter test animal responds to the high 
level of gonadotropic hormone from the castrate by exhibiting continuous 
vaginal estrus. - 

With various sex hormones now available in pure crystalline form, it 
was decided to use the parabiotic technique for testing their ability to 
inhibit hypophyseal gonadotropic activity. The important point to be 
determined was whether the hyperactivity of the pituitary in a castrated 
parabiont could be so inhibited as to result in atrophy of the genitalia in 
a hypophysectomized test rat. For this reason, various doses of male hor- 
mone (testosterone propionate) and female hormone (estrone) were in- 
jected daily or at intervals of several days into castrated parabionts. When 
adequate doses of either male or female hormones were so administered, 
it was found that very definite atrophic changes were induced in the 
hypophysectomized test animals. In hypophysectomized males, the testes 
shrank in size and ascended into the abdomen and the scrotum blanched 
and regressed. Within a period of a few days a hypophysectomized 
female joined with an inhibited castrate failed to show cornified vaginal 
smears and fell into a state of diestrus, characterized by a predominance 
of leukocytes in the smear. There was no doubt that male and female 
hormone were able so completely to suppress the gonadotropic hormone 
of castrated parabiotic rats that the genital organs of their hypophy- 
sectomized partners underwent the profound atrophy which is charac- 
teristic of unjoined and untreated hypophysectomized rats. These 
experiments serve to emphasize the reciprocal pituitary-gonadal rela- 
tionship which must exist in the normal animal for the regulation of size 
and function of the accessory sexual organs in male and female animals. 

The correlations of the various hormones in the body is still far from 
being clarified. The close relationship of the thyroid and the suprarenal 
gland is well known and the exact way in which the glands of internal 
secretion are associated with the pituitary is yet to be solved. That 
progress is being made is evident to anyone who keeps abreast of the 
massive literature on this subject. Just how long it will take to solve this 
problem will depend upon the accurate work of the various research 
groups now applying themselves along this line. 








7 se 


—-— ee OD YS oF 


MAY 1938 265 











THE MEANING OF MEDICAL RESEARCH* 


Arrep E. Conn 


Member of the Rockefeller Institute for Medical Research, New York 


seseseseseSeiou may expect from me a description of discoveries, 

dramatic and exciting perhaps; of new diseases or of the 
Y mechanisms underlying diseases already identified; of new 

drugs which cure, like sulphanilamide; or of new opera- 
Bzse5esesesese) tions which relieve or prevent devastating conditions. I 
could enliven this report by such narratives, as for example the great new 
insights which have resulted from studying the pituitary gland seriously. 
The investigation of this organ by Cushing who gave the forward move- 
ment a great impetus and by many other very capable and ingenious 
investigators, has resulted in the description of new ailments, has given 
point to the attempt to understand the interrelations of fluids and tissues 
and organs, in ways and to extents not dreamed of ten years ago; has made 
available agents of real power in adjusting defaulting or erring mechan- 
isms. Or in a sense less pathological and more physiological, describe how 
great has been the increase in knowledge of the behavior of such impor- 
tant tissues as muscle and nerve. To speak of any one adequately would 
cost all my time. There are other ample provisions, however, for 
spreading that sort of information. My task is both simpler and more 
complicated. I am to speak of what research in medicine “means”, what 
its nature is and what its purposes. And I take that to include an inquiry 
into its position in the complicated matrix of our social structure. 

The ultimate meaning or purpose of medical research is to rid men 
of diseases, to protect them from maladies with which they are threatened, 
to relieve them of discomforts once they are established. There are many 
diseases, differing in the degree of dangerousness, differing in nature, 
differing in geographic distribution. There are pathological states to the 
existence of which we are sensitive—others which, for various reasons, 
we ignore. Then there is the character of education, having its sources 
and momentum in the contemporary scene, which makes men fit to under- 
take chiefly what is comprehensible in that scene. Researches are delayed 
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because points of importance are missed, scholars being unprepared to 
comprehend them and to seize their opportunities. Researches are some- 
times hurried, wasteful, and erroneous, because the idea is entertained 
that current equipment is adequate to deal with particular problems. 
The question of public versus private scholarship is important—less 
important now when the whole situation of research is better understood, 
and when private scholarship is recognized as being less private than 
formerly. Private refers both to financial resources sufficient to free 
scholars from the restrictions imposed upon the use of public funds; and 
to intellectual latitude which makes room for personal vagary, for 
unorthodoxy, which may not be tolerated even in an academic environ- 
ment. But greater in importance than either, because essential, is the 
pervasiveness of current belief and opinion, current social need, the 
implications in the current social scene, which tend to influence or 
perhaps better which do not permit us to escape current intellectual 
compulsions. These are aspects of the intellectual life of which Hessen 
and his followers have made us aware.' 

The meaning of medical research must regard these various social 
and personal aspects. It must regard also the nexus which exists between 
medical and other sciences. It must make an effort to understand like- 
nesses and differences which characterize medicine in relation to those 
other sciences. It must analyze the situations, diseases and social pressures, 
to which energy is devoted and must describe the means, in men and 
facilities, which are available for carrying them out. 

I propose to speak first of what we study; second of how we study 
it; third, of who does the studying; and finally in the course of this 
discussion for what reason does the study take place. 


* * * * 


When these far reaching issues and conceptions are being canvassed 
there must first be described certain situations which the world of 


1 It would be interesting and important to study the nature of social pressure, using 
this term in its widest sense, in the province of diseases. It is a point of view not strange 
to historians and students of social phenomena, but one not yet much employed in medical 
thinking. The illustrations in this essay have been drawn chiefly from communicable 
diseases and from a few other maladies differently grouped. But the relations exhibited 
by the development of knowledge of nutrition, or of understanding chemical processes on 
which nutrition depends, of agricultural growth, of social change in which the demands on 
the food supply of the less favored receive more sympathetic recognition—all these are 
matters which lie for analysis at the door of the critic. Here, as elsewhere, these and 
other factors require study in a complete account of the processes at work in a community. 
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diseases presents to investigators. It has already been suggested that these 
vary with time and place. We do not study those diseases which do not 
exist—or which exist elsewhere, or which exist no longer. The impulse 
to study a given disease or a given hygienic circumstance results from 
the danger or the damage which its presence causes. Epidemics of diseases 
like the black death or of poliomyelitis, or of influenza, or of cholera 
can scarcely or safely be ignored. But not many of the resources of this 
community are devoted to yellow fever or kala-azar, or African sleeping 
sickness. If these diseases were, by their maritime introduction, to threaten 
the local population, a study of them would be inescapable. They are 
studied though for several reasons; a general philanthropic motive; 
because, as in the opinion of Doctor Albert Schweitzer, restitution should 
be made by a people for the injury done another; because, to study them 
is imperative to preserve health along international trade routes. Pressure 
of some sort is usually experienced or is exercised when a study is 
undertaken. 

Of the diseases which we do study, there are several kinds. It is of 
very great importance to understand that diseases cannot, all of them, 
be regarded as forming a system. They can be grouped, as indeed they 
are, to form several systems. The various systems have, superficially at 
least, little in common except that they transform the individuals whom 
they afflict.2 Each group, on the other hand, exhibits traits which leave 
none or little doubt as to the relatedness of the members. 

The center of gravity of interest in diseases has long, roughly for 
two generations, lain in infectious and epidemic diseases. To understand 
them and to cure them, the sciences which needed to be and which were 
and are actively cultivated are bacteriology and parasitology—these two 
in some respects similar. More recently diseases resulting from viruses, 
agents of far smaller dimensions than bacteria, have been added to the 
list. These diseases all depend on the invasion of animal and plant organ- 
isms by these agents. Parallel with bacteriology and parasitology, sciences 
roughly grouped as immunological have been developed, in which there 
have been studied the reactions, that is to say, the behavior of the hosts, 
plants and animals, which the infectious agents invade. Studies of immu- 
nity have gone farther though than the study of individual hosts when 


2A disease is not an “entity”—it is a transformed organism. The organism is con- 
ditioned for exhibiting disease by processes which dispose it to this exhibition. The 
preparation may be constitutional or psychological or local—but the transformed organism 
is transformed, not solely by what is called an invader. 
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under attack. A science of epidemiology has grown alongside the other 
sciences in order to study the conditions in which societies of men, 
animals and plants chance to become prepared for invasion by infecting 
agents. These include external factors—climate, race, season, sunlight; 
and internal factors, the blood, the plasma, certain organs and tissues, 
heredity. To cope with these invasions, efforts in various directions have 
sedulously been made—with sera, which utilize the forces animal bodies 
themselves prepare for their protection; with chemicals, like salvarsan, 
like optochin, like arsphenamine, sulphanilamide—all synthetized with 
the utmost chemical skill; with natural pharmacal agents, chaulmoogra 
oil, quinine, salicylates. These are, in a sense, beginnings, the success of 
which points to the fact that the way of thinking about such problems 
as they represent, is sound and therefore encouraging. Much more may 
be expected from such efforts. Indeed, not more than auspicious begin- 
nings have been made. 

A point of importance, later to be referred to, is that the successes, 
still in many instances not more than partial, have been attained by 
delving below the surface of naturally existing phenomena, of appear- 
ances, to learn on what these diseases depend. The rewarding results 
have been that bacteria have been found, and protozoa and viruses. With 
this kind of knowledge as a background, substances of many sorts were 
and are being sought, to oppose the action of the invaders. Here are the 
rudiments, I may mention in passing, of analytical procedures. They 
represent something new in the study of diseases. Compared to the amount 
of energy which has been expended, the success so far achieved has, 
quite obviously, been extraordinary. 

Infectious or contagious or epidemic diseases have often been char- 
acterized as acute. Acute means two things—that individuals are seized 
suddenly with disability, a matter of hours or minutes; and also that 
their duration is usually brief—though there are numerous exceptions, 
as tuberculosis, syphilis, and leprosy. 

But there are long drawn out ailments, often called chronic, which 
fall into two great groups. Certain ones occur at all ages, like pernicious 
anemia or diabetes mellitus. But there are others which befall older 
persons exclusively. I designate these, “ailments” and not diseases, nor 
yet degenerative—two words often applied to them which I prefer not 
to use, for reasons which I hope later to develop. 

To distinguish diseases merely according to their duration is a crude 
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conception. But to do so has a use, for the time being. Chronic has usually 
been intended to signify long drawn out. Roughly, chronic and long 
drawn out mean the same thing. From the point of view of patients and 
their families, duration is important; and from that of administrators 
concerned with the public health the distinction is essential. Actually 
what is involved is the rate at which the processes in different maladies 
advance. Chronic diseases or long drawn out maladies include a wide 
range of complaints. Their duration is to be estimated, naturally, from 
their beginning to their termination, uninfluenced, when such examples 
are available, by treatment. The group is diverse—there are, for example, 
. the diseases of the blood forming organs—pernicious anemia, leukemia, 
thrombocytopenia; there is cancer, there is tuberculosis; there are the 
deformities of the joints; there are cardiac and arterial derangements; 
there are the defects which result from insufficience or malfunction of 
the glands of internal secretion—the hormones in short; there are diseases 
of the nervous system. It has been customary to divide diseases into three, 
or perhaps better two, main groups as I am doing; bacteriological and 
physiological both, but the latter especially employing physical and 
chemical techniques. Chronic diseases fall into each of them. These 
categories require in certain instances to be stretched fairly wide, in order 
to include all the varieties. But they will serve for this discussion, 
especially if in studying bacterial diseases, the behavior of the host, 
immunology, is included; and if in the physiological ones, anatomical 
defects and malformations. 

It is sufficient, I think, to suggest that medicine deals with many 
kinds of conditions and that they fall roughly into the categories that 
have been indicated. Of chief moment is that the classification, though 
rough, suffices to indicate that well characterized groups can be recog- 
nized and that, through this possibility, study is facilitated, perhaps 
made possible. 

Now it is generally understood and indeed it must be obvious that 
when a malady or any other natural phenomenon begins to be analyzed 
(analysis being the method essential to experimental research) very soon 
a level of organization is reached, less complex than the native state of a 
whole plant or animal, the study of which requires recourse to a chemical 
laboratory. This is due to the fact that biological mechanisms, when the 
attempt is made to view them more simply, break down promptly to 
chemical processes. In physiological diseases, especially those of the heart 
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and arteries, in parallel fashion, a stage is reached when mechanical and 
physical appliances are needed to help in understanding what is going on. 
To turn to chemistry, to mechanics, to physics, is to turn not so much 
to fundamental things as to machinery which underlies and which deter- 
mines more complex, directly observable behaviors. These disciplines— 
physics, chemistry, immunology—constitute the techniques which are 
used to analyze, to reduce to simpler, more easily understandable mech- 
anisms, the surface appearance of maladies. The fact that this is the 
situation in research in diseases constitutes a dilemma. To this problem 
it will be necessary to return. 

I have referred to two kinds of chronic diseases—one which can occur 
at any age and one which is characteristic of the aged. Those diseases 
characteristic of the aged require especial description because, though 
they are not new, they are beginning to take on new significance. We 
grow older, all of us. As is well known, in the course of doing so we fall 
subject predominantly to several distinct kinds of disabilities. I pass over 
cancer; its nature and its ravages are in every one’s mind. But what 
happens to the heart, the arteries and the kidneys, has been less clearly 
appreciated. I do not wish to discuss all the possibilities, all the theories. 
One theory ought I think to be more fully described. In the sense that 
everybody ages, aging has come to be looked upon as a natural phenome- 
non—natural as differing from accident or from chance. Since every one 
ages, aging is anticipated and the separate phenomena of aging are looked 
upon as predictable. This has been a subject of very active research in 
recent years. And the objectives in such researches have been twofold; 
first, to ascertain as precisely as possible a picture of what actually takes 
place and second, to discover what mechanisms are at work to bring 
about such results. I single out the arteries for more detailed description. 
That the arteries change is now universally known, especially the great 
artery of the body, the aorta. What is less well known is that the smaller 
ones do also. Arteries which have come in for marked attention in recent 
years are those of the heart—the coronary arteries. The walls of arteries 
may be thought of as having layers or coats. In the coronary arteries, for 
example, the first detectable changes take place in the innermost layer; 
its elastic membrane splits in two and does so rather early in life—in the 
twenties. From then on, more and more changes take place. At fifty or 
sixty these changes are advanced and have been termed arteriosclerosis. 
To one familiar with the succession of these appearances, it is possible to 





ar 


fe 
(t 


ag 
th 


Ca 


7 


ra 


th 


ne 
to 
ne 
er 


ph 


the 
int 


ul 





The Meaning of Medical Research 271 








tell their age, within a few years. Being able to do this is good evidence 
that there is nothing haphazard about the process. How are these system- 
atic changes brought about? And how, assuming that they develop sys- 
tematically, can they be prevented or delayed? To answer these questions, 
guesses have been ventured since very early times and to explain them, 
serious, far-reaching researches have been undertaken. But so far there 
are no answers, satisfactory to many scientists. Meanwhile the quest goes 
on, with intensifying earnestness. The problem, as I shall show presently, 
is urgent. What is true of the arteries of the heart is true of those of the 
brain. About other organs less is known. Progressive alterations, appro- 
priate to each organ and tissue, go on throughout the body—beside the 
heart muscle, in the kidneys, in the liver—everywhere in short. 

But changes in structure do not alone exhibit progressive alteration. 
Comparable ones can be observed also in the functioning of the body. 
The slow and gradual rise with age which the blood pressures exhibit 
are well known. Another striking one has recently been found in the 
nutrition of the body. Here, it appears that ptyalin, the starch-splitting 
ferment of the saliva, decreases between twenty-five and eighty-one 
(these are averages) to one thirty-fourth, necessitating, it seems probable, 
a very striking readjustment in digestion and food requirements in the 
aged. More intimate still are changes in behavior of the muscle fibers of 
the heart. It has been shown in dogs, for example, that as the animals 
grow older, the ability of this tissue to utilize oxygen diminishes signifi- 
cantly. Finally, as in changes in structure and in function, so also, it 
appears can changes in psychological performance be detected. Interest 
in this phase of growth has begun more recently, so that it would be 
rash to accept the results of preliminary studies. There can be little doubt 
though that this is a fruitful field for further investigation.* 

Many regard it as an idle question, but it is one which should be put 
nevertheless—are processes so universal as are those identified with aging 
to be classed with diseases? Diseases are not constant; they wax and wane; 
new ones occur; old ones vanish; they are unlooked for; they are recov- 
ered from. Of the changes which accompany aging, none of these 

3 This reference to psychological matters is brief because I am depending on other 
phases of this problem for illustration. But the place in human nature and in diseases 
which psychological deviations occupy can scarcely be over-emphasized. I am at one with 


those who wish to understand organisms as wholes and to return from the wilderness 
into which the requirements of thought in the Seventeenth Century naturally led us. 
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characteristics can be predicated. It seems better to weigh the question 
of the nature of this process of aging a while longer, before coming to 
a decision on its nature. Two ways of thinking are possible—that aging 
is an accident which can be prevented; or that it is not an accident and 
that, as the body increases in bulk and by so doing is said to grow, 
parallel changes are taking place within the body, in its most intimate 
recesses, which accompany that growth, and which themselves may be 
regarded as taking part in and perhaps constituting the phenomena of 
growth. In this sense the body grows continuously, changes, called 
differentiation, taking place in all its parts, the form of change passing 
from stage to stage without break until the final dissolution. This view 
urges that there is only one forward moving change—not, first growth 
and then degeneration, but continuous progressive differentiation. And 
growth so understood is not an accident, it-is not degeneration—and it 
is not disease. 

These old ailments present a new challenge. To care for them is 
becoming a great burden, financially. Can anything be done to relieve 
the strain? Medical research, not yet very consciously, is struggling with 
the question. It has no settled answer. When such questions were first 
raised fifteen years ago, we were not yet ready to weigh them. Now the 
response may become, is indeed becoming, more intelligent. The old 
hospitals built for infectious diseases will no longer serve. In part they 
are improperly constructed for these purposes. And from the point of 
view of research, the new situation calls for new orientation. It is still 
inescapable that research in infectious diseases continue here and else- 
where. Here because there is still tuberculosis, syphilis, poliomyelitis and 
other infections of the nervous system, rheumatic fever and influenza; 
elsewhere, in the tropics, because of diseases indigenous there, but perhaps 
transplantable here. But since the dawn of that era in which we have 
spent our lives, the emphasis has been almost exclusively on diseases of 
this kind. {t would be incorrect to say that diseases longer drawn out 
at older ages had been neglected—cancer for example or cardiac diseases. 
But it is certain that in comparison with infectious diseases, they have 
been much less cared for and studied. The great desideratum now, is to 
turn increasing attention to these conditions. If they were better under- 
stood, it might become possible to manage them better. If they were 
better treated, expensive care in homes and in institutions might be 
less necessary; if they were less expensively treated, the burden of taxation 
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might diminish. The net result would accrue vastly to the sufferers 
themselves—in increased health, in greater freedom spent outside of 
institutions, in greater economic self-sufficiency. Psychologically, the 
lives of older men and women might be re-made if we learned how to 
make them self-sufficient to a degree impossible now, through a new 
orientation to employment, utilizing opportunities for activity appro- 
priate to the aged. Embedded in the matrix of our society, no better 
fate is provided for them or envisaged than progressive deterioration. 


* * * * 


I have been speaking of what we study. I come now to speak of how 
we do so. After long reflection and practical experience there has come 
to be general comprehension of the purposes and methods of the sciences 
in general. By the same token, a similar statement can be made of medical 
science. But in some subtle way, there is tacit agreement that the two are 
in essence somehow different. Whether they are, depends I think upon 
the aspect from which this judgment is made. They do not differ, there 
would be general agreement, in attitude to natural phenomena; nor do 
they differ in the seriousness with which the problems of diseases are 
studied; nor do they differ in the methods which both, or all, use. To 
recognize and to point out differences is not invidious; no more is 
intended than to understand a complicated situation. 

Two suggest themselves—first, one having to do with the nature of 
the subject matter—and second, one having to do with the circumstances 
conditioning the activities of students of diseases. The former difference, 
in subject matter, has, I venture to believe, a certain validity*; the second, 
I think, not. To begin with, though it is not my intention to become 
involved merely in words, it is well to make clear the meaning I ascribe 
to certain terms. 

Science, very briefly, is a way of looking at nature, in so far as that 
is possible, exactly. Two aspects are involved—the natural phenomena 
themselves, and a way of looking. 

Research is procedure. Research represents the effort men make to 


4It is perhaps a superficial experience but one to which large numbers of persons 
are sensitive, that in a very general sense, diseases are ugly, repellant, offensive. These 
are not qualities which characterize phenomena studied in other sciences. The reverse 
may and often is true. It is of course a fact that to many men, perhaps especially to 
physicians, this aspect of diseases is without meaning. It may be that to them the very 
fact of ugliness has the value of attractiveness. Nor need this be regarded as odd. The 
last word on the subject of ugliness has not been uttered—in sight, sound, or form. 
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increase their comprehension. To discover what is true about anything 
is an arduous undertaking because, at the outset, so many things seem 
possibly correct. That is why research is an adventure. 

The object of the whole enterprise is to describe nature.’ At first 
it seems wise, at all events it seems to have been universally customary, to 
describe natural phenomena so as to group them. That makes description 
easier because there result fewer descriptions. Classification is what this 
phase of the undertaking is called. Sometimes, especially in our day, there 
lurks unfortunately, something invidious in the remark that an investi- 
gator is merely “describing.” Descriptions must naturally be exact. 
Exactness can in fact be exhibited, purely and deliberately, without 
quantitative expression, in descriptions of things as they occur in nature, 
rough and in the whole. Men who have carried on this phase of natural 
enquiry have been known as naturalists or, at a stage more organized, 
more complicated, systematists. Hippocrates, Pliny, Linnaeus, Sydenham, 
Darwin, Lyell, Audubon, Wheeler, form such a group. Their very 
names are proof that nothing derogatory attaches to their interests or 
their methods. Without labors like theirs, there can be no natural science. 
Without them we should be talking of phoenixes, unicorns and other 
mythological animals. It is an evidence of the literalness of the culture 
of the Greeks that, unlike Egyptians or Orientals, they entered little into 
nature faking. The objects of concern to scientists have been natural 
objects. Later—and later may be taken to have a chronological meaning, 
though it may have also a logical one—when the experimental era began 
in its modern form, reliance came to be placed, not by any means exclu- 
sively but accompanied by a certain glamor which obscured the relations 
among methods, on the experimental method. A powerful agent for 
extending knowledge became available. The experimental method in- 
volves the conception that comprehension of a thing, of a phenomenon, 
can be furthered powerfully by dissecting it, by pulling it apart, by 
measuring and by weighing and by counting.® I need not dwell on, what 

5 There are those to whom action appears a more impressive and compelling motive 
than description. The object of the enterprise would then be to accomplish an end. The 
difference may be essential but it may also be a difference in emphasis. If astronomy 


began in the interests of action, it has remained a means to satisfy mere curiosity; or— 
is it perhaps to return to its original function? 


6 It needs scarcely to be pointed out that what is called synthesis, as in the prepara- 
tion of chemical substances, dyes for example, or aromatic compounds, or in metallurgy 
when new alloys are made or in technical procedures or advances in general, is an 
extension merely of the analytical process. 
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is universally known, the extraordinary and unbelievable success of the 
method. By it Galilei, Harvey, Newton, Young, Lavoisier, their modern 
equally great successors and an enormous host of followers have enriched 
modern thought, modern knowledge and modern life. 

When the experimental era began in its modern form, the temptation 
was great to believe that, once the parts were known, the whole would 
be comprehended. It was another way of thinking that the whole is 
equal to the sum of the parts. But doubt began to assail thinkers that 
matters were not so simple. It was the same situation that confronted 
the King’s horses and the King’s men when they tried, after his great 
fall, to put Humpty Dumpty together again. The attempt did not work. 
Because it did not and because in a very widespread manner there is 
current conviction that it cannot, the idea has been put forward by S. 
Alexander, Lloyd Morgan, A. N. Whitehead and General Smuts that, 
in putting things together again after they have been taken apart, some- 
thing new becomes ingredient, something not in the constituent elements. 
It is, to use a crude example, as if 2 + 2 did not quite equal 4—that to 
attain 4, something not in the synthesizer’s hands or mind, entered into 
the new composition. The doctrine that something new occurs has come 
to be known as emergent evolution. In speaking of analysis and research, 
it is unnecessary to lay undue emphasis on the imperfections of the 
analytical process, but it is desirable to be alive to their existence so as 
to avoid the disappointments which otherwise are almost inescapable. 
There have in point of fact been a goodly number. Leaving aside the 
emergence of new qualities, a phase after all of synthesis, the delays which 
have taken place in the cures of infectious diseases, like tuberculosis, 
like typhoid fever, like poliomyelitis, after the discovery and identifica- 
tion of the agents that help to occasion them, are known to everybody. 

The whole adventure, classification and analysis, is science. I said it 
had two aspects, the natural phenomena themselves and a way of looking. 
Of the way of looking, there has just been discussion. Of the natural 
phenomena, there is something to say concerning a significant difference 
between medical and other natural sciences, the difference to which I 
wished to direct attention and which I wish briefly to weigh. It is the 
enduring interest that attaches to other natural sciences in contrast with 
the medical ones. Consider such interests as the origin of species, the 
origin of astronomical systems, matter, heat, electricity, the formation 
of the earth, light, heredity. These are concerns as little influenced as 
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may be by time and place. There was never a time when they did not 
engage serious intellectual attention; they do so now; there is good reason 
to believe they will continue to do so. These phenomena awoke and 
continue to awake enduring interests because they are enduring objects. 

Turn next to the situation in the study of diseases. I have been dwell- 
ing on enduringness in interest in the objects of natural science because 
the objects studied in these sciences are themselves enduring. Now dis- 
eases, whether of plants or of animals, no matter what their nature, are 
statistically something extra.” They are occurrences which, in subtle or 
coarse ways, change the usual behavior of living things. The organisms 
are said to suffer—hence the use of the word, in the British sense, 
pathology. Beside being something extra, their becoming established in 
a society is not permanent. They change with time, they change with 
locality. The sweating sickness is gone. How long poliomyelitis may 
have existed is not known. Diseases devastating in the tropics do not 
exist in the temperate zones. In other cases, like rheumatic fever, the 
reverse may be true. Diseases may continue to turn out to be transient 
sojourners. By paying a necessary price, there are diseases of which we 
can rid ourselves—syphilis for example, perhaps scarlet fever, no doubt 
a number of others. Diseases, furthermore, have no independent exist- 
ence; they are recognized when they have transformed the nature of 
their hosts, plant or animal, temporarily or permanently. 

If, as | have been surmising, enduringness is a characteristic of things 
which have become constituted objects of study in natural sciences, it 
seems apparent that diseases do not partake of that quality. That is 
clearly the case in infectious diseases. Nor in all probability do chemical 
diseases, of which the deficiency states are examples, pellagra, pernicious 
anemia, rickets, and scurvy. Another group of diseases of great impor- 
tance may be designated physiological. Physiology may be termed the 
study of the living behavior of an organism, as different from its mere 
structure. In the study of diseases, the physiology of an animal has 
importance because it occupies a place like the study of metallurgy in 
the mechanism of a steam engine. But a disease is not merely quantitatively 
changed physiology. A disease is something over and above and therefore 
7 Extra—not anticipated in a state of “health”. I do not mean that process “a” is 
joined to organism “b” and that a + b constitute a disease. In this sense a would be 
what has been called an entity—an “ens”. That is far from my meaning. “Extra” describes 


the whole organism, exhibiting phenomena, not counted as occurring in health. Health 
itself is a statistical conception. 
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different from this. The place of physiology in this scheme must not be 
confused. Physiology undertakes the analysis of something, animal or 
plant, reasonably long enduring in a species or a genus—the circulation, 
reproduction, digestion. These are mechanisms which are neither tem- 
porary nor local. There are of course physiological derangements which 
are usually called diseases, eclampsia being an example or perhaps a 
certain variety of arterial hypertension, or fibrillation of the auricles of 
the heart, or psychogenic hyperthyroidism. And a special case is that of 
senescence—the aging through which we all pass. My case as to enduring- 
ness is naturally not as clear-cut in respect to physiological occurrences 
as the distinction I have drawn suggests. Evolution and the disappearance 
of species and genera see to that. But there is enough of background for 
this distinction to occasion the social consequence in which can be 
perceived, implications of great importance to the position the study 
of medicine occupies.* 


1 wish now to examine the use of another word. The word 
“empiricism” provides an opportunity for examining certain ideas and 
procedures commonly employed in natural science. When a certain 
amount of animadversion is intended in the use of the word, the adjective 
“crude” is prefixed. This phrase “crude empiricism” has been used 
especially with reference to the study of diseases, the assumption being 
that the study of diseases is something apart, in fact, from other studies 
of natural phenomena—something perhaps a little backward. On more 
careful reflection it becomes clear that “crude empiricism” is a phrase 
universally applicable to a level of discovery at which, what is called 
“thinking” has not been much employed or cannot be, either in the 
existing state of knowledge or by the individuals who indulge in that 
occupation. Now, when what is called “crude empiricism” is exhibited, 


8 There is a point of view from which contributions to general knowledge result from 
the study of ephemeral phenomena or from acquaintance with transient experience. 
Contributions so derived can, no doubt, exert significant influence in developing insights, 
conceptions and procedures which come much later to fruition. Broad intellectual streams 
can originate in obscure rills. But there remains nevertheless a value which enduringness, 
as a method of characterization, can be made to possess. Even so, as a characteristic, it 
is unnecessary to assume that it has more than relative value. Were diseases dependent 
on a relation to bacteria wholly to disappear, bacteriology, for example, having received 
its great stimulus from this association, may be expected to remain an important interest 
nevertheless, because of the growing place it is coming to occupy in agriculture and 
elsewhere. 
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the subject matter under investigation is relatively in a raw native state 
and the means which are used to analyze that subject matter are not, in 
comparison with what is possible elsewhere, or in some other discipline, 
of a sort to be called refined. An example in medicine is the use of quinine 
in malaria, before an insight into the nature of malaria or the composition 
of quinine was obtained. Syphilis and mercury is another example, or 
dropsy and digitalis. In physical science, telephony and the nature of 
electricity, though a very rough analogue, may serve as example. The 
form in which I have stated this situation suggests its meaning. When 
something is done or some interference with a system is undertaken, as 
in the examples just given, it is in the natural organized state of the 
material, the crude, native state, in which the operation is performed. 
There exists no guide, furthermore, to suggest what form the operation 
should take. If malaria is not known to be protozoal in origin, or if it is 
unknown that the infecting agent is susceptible to quinine, but a thera- 
peutic attempt is made, none-the-less—that attempt is empirical and may 
be termed crude. That it should be so is in the nature of things. If the 
object is to understand—anything whatever, a beginning must be (or is) 
made. Once a beginning is made, successive efforts at understanding, if 
on the road to success, become less and less “crude.” In the case of 
matter, electricity, energy, methods of analysis have now become so 
refined that it is evident how long a distance has been travelled from 
rubbing cat’s fur on amber (electron). The more we analyze, the further 
investigation becomes removed from crudity. Because analysis has taken 
place in successive simple stages; because, covering the heart of a phe- 
nomenon, there are layers of impenetrability, like the layers of petals 
covering the heart of an artichoke, Sherrington was moved to say, 
because that is the way an experimenter must look at the world, behind 
each mechanism is hidden another mechanism. Obviously the metaphor 
of the artichoke is imperfect—there is a last layer of leaves, small and 
apparently confused in arrangement, and then the heart. But in the 
phenomena to which scientists devote themselves, who knows when the 
last petal has been plucked and the heart of a natural process uncovered? 
There is a chance here (and the man who knows how to take it is the 
artist in science) that for an object, it is unnecessary—no, destructive in 
fact, to go further than a certain point—the point being the emergent 
level for which search was being made. Protection against pneumonia 
will not, by way of illustration, be solved at the atomic level. If the 
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appropriate level is passed, the nature of the thing sought may elude 
one’s grasp. Hawthorne’s story of the birthmark and beauty tells the 
story of the devastation wrought by a perfectionist. 

Whether knowledge is empirical depends often on the standpoint of 
the critic. A molecule, a protein molecule, may seem very refined in 
comparison with a man, but to an electron it looks enormously complex. 
The whole business is relative. 

The point about empiricism and crudeness requires no further labor- 
ing. It must be apparent that at the beginning nothing else than crudeness 
is possible. Later on more insight may have been gained, but the term 
still be applicable. Were the case of causation simple, as it is not, it would 
be possible to prescribe how a situation must be analyzed and possible 
to prophesy the results. There is little confidence nowadays that that 
can be the situation anywhere. Further understanding depends therefore 
on trial and error in the choice of analytical techniques. Since that is 
inescapable all scientific analysis is crude and all knowledge empirical. 
The only point of view from which empirical knowledge is less crude 
depends on the amount of relevant research that has been made. Much 
more has become known about malaria and syphilis, about quinine and 
mercury, about dropsy and digitalis, about energy and electrons. But 
to him who confronts a choice of the next step, the situation contains 
elements of crudity which he recognizes as not far removed from that 
of that predecessor of his, who took the adventurous first step. So long 
as there are further steps there is adventure and so long as there is adven- 
ture there is crudity. Otherwise research would be a commonplace 
procession along the avenues of the known. The Lindberghs would be 
the last to underestimate the Nungessers. 

He who tells us we must halt a research until analysis has proceeded 
further must be certain of a number of matters around which this dis- 
cussion has taken place. He must know that further analysis of a complex 
situation is rewarding. A chemist preparing therapeutic agents will 
appreciate this point. Suppose it were optochin he had prepared and were 
told that too frequently giving his preparation caused blindness. Against 
pneumococci his agent worked admirably—that was his original objective. 
To perfect his agent and to safeguard it against unexpected, unfortunate 
consequences, what must he do? Must he search for other substances, 
similar in structure, must he try another group of agents, or must he, 
by analyzing optochin further, hope to discover what is offending in 
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the structure of his drug at a different lower level of organization? 
Quinine and quinidine afford another example. The auricles, the 
entrance chambers in the hearts of human beings, often lose their custom 
of orderly contraction and do what we call, fibrillate—a state in which 
they live and act but do so in a very disorderly fashion. A sufferer from 
this disorder once noticed that frequently when he took quinine, the 
normal behavior of his heart was restored. He narrated his experience to 
his physician in Vienna, Professor Wenckebach. Professor Wenckebach 
sought to repeat his patient’s attempts but met with scant success—and 
told this story in one of his treatises. It occurred to another physician— 
Frey—to try more or less systematically other chemical substances with 
which quinine is related. At this point it becomes necessary, perhaps 
unwarrantedly, to assume certain biographical details. Was that a rational 
procedure of Frey’s—was there good reason to think other quinine-like 
substances would work better than quinine; if so, which one, related how 
to quinine? Or should he explore other substances—not quinine but 
substances belonging to that series? Or should he attempt to build up 
quinine into a drug more complex? Or should he break it down to find 
what in quinine actually worked in Professor Wenckebach’s patient— 
purify the drug in short? Or should he look for a substance which, in 
Professor Wenckebach’s patient, aided quinine but was absent in 
his own? Or did his own patient harbor a substance which interfered 
with the action of quinine? All these were possibilities. A complete 
account of how Frey behaved in this situation is unknown—it usually is. 
He may have tried none of these or many. He had a single guide only. 
He was told quinine worked in a single person. We are speaking of levels 
of organization. The only point of immediate concern is whether he 
should have analyzed further to find a simpler substance. It may be, he 
should have done so, for the result of his labors has been effective in 
about 60 per cent only of patients. In that sense the problem is still open 
and the various choices enumerated for investigation still available. What 
Frey did was to explore what is possible on the very level of organization 
of quinine sulphate. He found in the group a substance which worked 
60 per cent of the time, quinidine sulphate, identical with quinine 
sulphate except for its action on polarized light. This was turned left— 
quinine turns it right. The structural formula symbolizes the difference 
in that the two are written as mirror images of each other. In this case, 
no further analytical procedures were undertaken. Success, partial, it iS 
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true, came on a level of organization no different from before. There 
was no way of knowing beforehand that this would be the case. Attention 
to causation would not have helped. It was not known, it is not known 
now, what causally is essential in this reaction. It is therefore unprofit- 
able to search for it. 

x * * * 

It is in the nature of things that students of any phenomenon must 
have first-hand knowledge of that phenomenon itself. For simple descrip- 
tion first-hand acquaintance is all that is requisite. For analysis it is 
essential in addition, to possess knowledge of the art and practice of 
appropriate forms of analysis. There is no fundamental difference in the 
nature of these procedures for students of diseases and for other natural 
scientists. Nor is there a difference in the operations which the mind 
undertakes. The intellectual powers appropriate to elucidation of the 
two are the same, whether the object of study is a disease or an electron. 
The physical methods employed in laboratories naturally differ and are 
especially adapted to the objectives and material being analyzed. But 
the mind proceeds always in the same way; it knows few tricks and these 
few it employs indifferently wherever it has use for them. The mental 
act, when it comes to procedure, measures, indifferent to rational objec- 
tive, length or volume or frequency. The behavior of the mind remains 
always the same irrespective of the tools it causes to be used in the various 
situations in which it acts—it describes, it classifies, it dissects. Experience 
must come first and then the analysis of that experience, whatever the 
object. 

But a potential difference exists nevertheless. The practice of medicine 
is an ancient calling. It is as intricate as it is ancient. It is one of the nicest 
of the arts. Its practitioners have been in the habit of performing many 
social functions. These have been so absorbing that until almost contem- 
porary time neither leisure nor opportunity nor perhaps desire was 
available to proceed beyond simple description, of which there has been 
much, to analysis* which has but recently, and let us hope not tentatively, 
begun. What needs appreciating is that the gap between practice and 
analyzing is by way of being bridged. The existence of the gap cannot 
be ignored. Of its deterring effect much has been made—in my judgment 
much too much. When students were inadequately, or not at all, trained 


* Not psycho-analysis 
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for research, more weight attached to the exclusive demands of practice 
than now. Much has changed, not least the estimate placed on traditional 
knowledge and on practical legerdemain, though medical opinion still 
insists upon transmitting a great deal of this in formal education. But in 
spite of all change, of persons interested in diseases, two types can be 
seen to emerge, one interested in advancing knowledge about them, and 
the other in treating them. The difference is similar to that between 
engineers and physicists. Physicians who wish to learn how to analyze, 
now can do so—and do so to extraordinarly useful purpose. But there is 
the difficulty I have mentioned—the gap. It is real and it is important. It 
occasions a difference not found, I fancy to the same extent, in other 
sciences having both theoretical and practical phases. Who would sup- 
pose, for example, that Graves’ disease (exophthalmic goiter), in order 
properly to be comprehended requires knowledge of physiological occur- 
rences and chemical processes, obviously not necessarily within the 
competent knowledge of conscientious practitioners of medicine? Or in 
the kind of cardiac affection common in older individuals, of insight 
into and control of the most intimate behavior of muscle fibers? And not 
only that, but knowledge of what underlies the behavior of those muscle 
fibers and their ability to carry on work. I have spoken of other difficul- 
ties which beset physicians, but here is a major one. To treat what is so 
obviously wrong, he must have learned, in physiology and physics and 
chemistry, what a man can learn only, if he learn it at all, as the result 
of the expenditure of all his energy. Research, in these circumstances, 
was at an impasse. For twenty-five years and more the effort has been 
made to bridge this gap by providing opportunity for a few physicians 
at least, to free themselves from the demands of practice. The divorce 
of research from demands so continuously absorbing has accomplished 
noteworthy results. Whether the divorce is adequate has not, I think, 
received sufficient scrutiny. 

This much can be said safely, that time for research has been gained. 
And this in addition that to concentrate effort, a certain amount of 
irrelevant information may be left at the wayside. And finally this, that 
physicians who observe the phenomena of diseases receive from their 
intimate contact with patients and their ailments, stimuli to ferret out 
the meaning of what they observe. No one else has access to that knowl- 
edge. Having that knowledge and requisite training, the hope is still 
entertained that physicians, specially chosen, can solve the relevant 
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problems. It would be idle to underrate the difficulties. They do not so 
much consist in translating problems from bedside to laboratory as from 
transvaluing one pattern of knowledge with its technical (clinical) 
apparatus to another quite different pattern with equally exacting, if not 
more complicated, technical (mechanical) apparatus. To recognize, for 
example, a cardiac disease, to think of its origin, to study its ‘future, is 
obviously a different enterprise from search for the mechanism of the 
contraction of muscle on which its clinical manifestations depend. For 
that search involves far away knowledge of proteins and the part they 
play in the complex structure of muscle, as a result of which they 
contract. Other illustrations may be chosen—syphilis for example, its 
dependence on a microorganism—a spirochete—and the susceptibility of 
spirochetes to poisoning by arsenical compounds. Or still another, dia- 
betes mellitus, depending essentially on destruction or malfunction of 
a single structure in the pancreas—the islands of Langerhans—and its 
remediability on a substance extracted from these islands. 

This discussion and these illustrations should suffice to define a 
peculiar situation in medical science. I have already spoken of a special 
characteristic of the subject matter of “medicine”—the absence of “endur- 
ingness” exhibited by diseases. And now I have added illustrations dealing 
with the apparently wide interval between diseases as natural phenomena 
and the cumbersome traditional technique for learning about them, the 
practical aspects of this study, on the one hand; and the equipment neces- 
sary to deal with the analytical procedures necessary in research, on the 
other, to explain how the position of medical science and of medical 
scientists has come to be somewhat different from that in other sciences 
and how the intellectual position of medical scientists has been regarded 
as differing from that of other scientists. 


* * * * 


It is, I think, impossible just now to exaggerate from a public point 
of view the importance of treatment. The motives which have brought 
great funds for study into existence have not, except in connection with 
great dangers, arisen from general public interest. The year 1776 was 
remarkable, aside from having witnessed the signature of the Declaration 
of Independence, for the effort Johann Peter Frank made, on behalf of 
the Archbishop of Speyer, to gather information on a social, political, 
or at all events on a grand scale, concerning the health of a population, 
so as to make this more secure. That adventure began an epoch. Usually, 
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it has been the illness of a friend or a member of a family that stimulated 
the insistent interest of private philanthropists. The universities had no 
funds. Government took a minimum interest only. 

Once, when I defined medicine as the study of diseases, Doctor 
Thayer objected vigorously because in his judgment, joined inseparably 
to the study of diseases was the need to get on with the business of curing 
these diseases. The term medicine, he thought, included both. Obviously 
a term can mean whatever we say that it does. There is no reason against 
the use of the term “medicine” in the manner on which Doctor Thayer 
insisted. It is preferable though, I think, not to make the meaning of terms 
too inclusive; that is a way of obscuring the variety of aspects which a 
situation can be made to disclose. It is undoubted, indeed in the world 
of medicine, the notion is widespread, that to search out the nature of 
diseases is one of our chief obligations. But there is no doubt also, that 
the notion of curing diseases is universally believed to be a function of 
physicians. The function of medicine in the cure of diseases is so deeply 
imbedded in both public and professional minds that there have been 
periods of impatience with the belief that the business of curing is difficult 
and complicated (Hahnemann, etc.); with those who insisted on an 
education more or less elaborate for men whose office it might become 
to search out cures. Joining the search for knowledge of diseases with 
curing has, I think, tended to obscure the problems presented by both. 
It is not without importance to point out that to make cures provides, 
within properly defined limits, for a kind of activity not encountered in 
other disciplines. 

Cures are of two kinds—we have depended on what I have been 
calling “crude empiricism” for one of them. Here there is no use for the 
refinement of analytical procedures. Agents not rationally related to 
complaints are used to mitigate them. Such agents do turn up, as digitalis 
in the case of dropsy, suggested by a Shropshire housewife who interested 
the willing Doctor Withering in her experiences; or when, owing to 
faith in the providence of God, the notion is entertained that where 
diseases occur, there in close proximity are their cures to be found—as 
salicylic acid (the willow) in the case of rheumatic fever. 

The other kind of cure relies on nothing so simple, nothing so fortui- 
tous. In this case cures are conceived possible because of a belief that 
there exists something in a morbid condition, central to it, a knowledge 
of which would further the possibility of cure, as of microorganisms in 
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typhoid fever; or of toxins in diphtheria; or excess activity of an organ, as 
in thyroid hyperactivity; or deficiency in a secretion, as in pernicious 
anemia; or defect or destruction in tissues or organs, exerting either 
immediate or remote consequences, as the effect on the heart in beri-beri, 
or of the late result of rheumatic fever; or, following in the footsteps of 
Ponce de Leon, substances which neutralize the action of agents that 
make the body age. 

But how are such substances to be found? There must be no mistake; 
they are actually and feverishly being sought. The sciences of chemo- 
therapy, physico-therapy, immunology, pharmacology, the founding of 
institutes for the study of cancer and for this, that or the other, are 
evidence of the liveliness of the quest. Sometimes the direction of research 
is simple enough—the agents being already well known; in the case of 
hemolytic streptococcus infections, sulphanilamide; in tetanus, tetanus 
antitoxin; in the failure of cardiac muscle, digitalis. But in the case of 
cancer the situation is different; since neither cause nor cure is known, 
shall the search be for an agent to combat a virus or some other substance 
or for the correction of a constitutional arrangement responsible for the 
licentious growth? The direction which the search is to take is often the 
subject of sharp cleavages of opinion. The single subject, cancer, illus- 
trates how in the process of analysis, talents, equipments, trainings of 
different forms may become serviceable. If you believe cancer is caused 
by a virus you want men to search for it who are perhaps differently 
endowed and certainly differently equipped from men who believe the 
solution of this problem lies in discovering a chemical substance to be 
neutralized, responsible for its origin or development. 

To a choice of means, beside haphazard, there is no other guide but 
reason. But reason operates in the domain of causation and its tool is 
logic informed by insight, which in an exact sense is experience in action. 
Now, as has long been evident, reason alone is inadequate. Hope resides 
in the use of reason to limit the region of investigation so that then, 
within narrow, indeed within the narrowest framework possible, sys- 
tematic trial and error can be attempted. If science is empiric, somehow 
experience provides it with a pattern. That is Aristotelian. Here is the 
inescapable region for the display of scholarship, ingenuity, resource. 
What the issue is to be, in seeking the cause or cure of cancer, no one 
now, I presume, would be bold enough to declare. It is a fortunate cir- 
cumstance that men of many minds, everywhere, are engaged in this 
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search. But the point to be made is that once the method of crude 
empiricism is abandoned, the alternative, which is analysis, requires tech- 
nical education not at the disposal of everyone interested in a subject. 
The problem is the problem of the physician as scientist. Special training 
is the price of analysis and analysis is the consequence of the failure 
of the obvious. 

I could have drawn this lesson on rational therapeutics from another 
source. It has been said, and said plentifully, that the dawning interest in 
ailments of the aging is the result of social pressure. Formerly that pressure 
was exercised, as now in the case of poliomyelitis, to secure protection 
from bacterial diseases, because they, often being contagious, were dan- 
gerous and required quarantine. Comparable pressure is being exercised 
now because the ailments incident to older age are long drawn out and 
tend to be costly—indeed very costly. The study of statistics created 
awareness of this situation; deaths from certain causes were increasing. 
In the course of a few years a general conception of what this meant 
began to be clear—or clearer. Little was known. The study of aging 
began then in a more serious fashion. 

The problem what and how to study is not, in some respects, unlike 
that in cancer. What causes aging? Is it necessary or preventable? If 
preventable, does it result from subtle injuries inflicted in the course of 
ordinary living—injuries due to infection or diet or to other environ- 
mental moments? Where is evidence to be sought? In changes in the 
arteries or in some other tissue or organ? Is its cause a substance secreted 
within the organism—constituting a master reaction—not by design, 
though that is not an unusual conception, but because of its fortuitous 
and unavoidable nature? If aging is the result of any of these causes, 
obviously means to bring the process to a standstill can conceivably be 
found. But if it should turn out that it is none of these or none comparable 
to them, that aging is universal, it will be necessary to turn to the notion 
that aging takes place in the nature of things, that somehow it is incident 
to living, an expression of the togetherness of the organism, not a follow 
the leader mechanism; that the disabilities and ailments to which it gives 
rise call for alleviation of disability and suffering, different—or perhaps 
not different—from those that are sought on the assumption of 
preventability. 

From the point of view of research, the meaning is clear. The 
resources of intelligence are wanted badly in this situation—natural 
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historians, statisticians, morphologists, chemists of several sorts, physi- 
ologists, physicians. There may be short cuts to discoveries in this 
category, but the history of science does not encourage us to expect to 
find one. It is more likely that in order to learn what to do, it is necessary 
first to search out the forces that are at work, and the precise forms they 
assume. Attempts to anticipate solutions by short cuts have too often been 
futile. We are, naturally, not told that enough is known to make a 
solution possible. And then it is no longer believed widely that genius 
can advance far beyond current knowledge. Newton, for example, is 
unthinkable as a contemporary of Aristotle. Failure in scientific research 
is often the natural answer to premature adventure. The frequency of 
simultaneous discoveries is evidence for the correctness of this view. 
Pressing on the door of the unknown is nowadays constantly taking 
place. But we do not believe we know beforehand who will force an 
entrance. We believe, therefore, in freedom of research—one of the aca- 
demic freedoms which ought accordingly, sedulously to be preserved. 
Whether a research can be made to pay is a matter of judgment. Who 
has this judgment? Experience counts of course, though the inexperi- 
enced, like Parsifal, often see the light. But Aristotle, Harvey, Young, 
Helmholtz, Pasteur, Hering, Ludwig, Gaskell, Darwin, to name only 
biologists, were not inexperienced. Since chance enters the calculation, 
there is little room for dogma. 


* * * * 


The clinic has been an integral part in the scheme for providing for 
the care and study of patients and their ailments. The very fact that clinics 
present the opportunity of seeing and comparing the manifestations 
exhibited by patients has facilitated greatly, as Shryock has pointed out, 
the description and classification of diseases. To be able to do this is, as 
we now know, indispensable in the development of scientific knowledge. 
When the stage of analyzing the appearances of diseases is reached, the 
equipment possible to clinics is essential. Equipment includes, for exam- 
ple, laboratories for chemical analyses, for the study of the physiological 
and physical aspects of diseases, for bacteriology, serology, immunity, 
hematology. In the past 100 years, but more especially in the past thirty, 
such opportunities have actually been provided on a fair scale. It has 
become possible for physicians to study whatever phase of a disease 
seems important. Naturally clinics do not neglect the management of 
patients. On the contrary. They exist for the sole purpose of encouraging 
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better and proper treatment, as adequate as contemporary knowledge 
permits. It is illuminating to observe how quickly the general public has 
learned to find its way to university clinics in the belief that the latest 
information on the cure of diseases is to be found there, where the search 
for their causes and nature is actively going on. The fear, once enter- 
tained, that patients dread examinations by students and are unwilling 
to subject themselves to novel procedures even though undertaken with 
proper precautions has been found not to exist or to have been much 
exaggerated. How to carry on clinical research is one of the lessons which 
has been learned. 

Now, what can be successfully undertaken in the way of research 
in clinics depends on several factors. It is obvious that the subjects for 
research are diseases which the patients in a clinic present—these being 
presumably representative of the forms of illness present in a community. 
Certain illnesses can be profitably studied—others not. It would for 
example have been futile for Borelli or for von Helmont in the Seven- 
teenth and Eighteenth centuries to study infectious diseases. Underlying 
and contributory knowledge was not yet available. 

In the choice of subjects, what I have been calling the level of organi- 
zation counts—and counts heavily. A distinguished biologist of the past 
generation spoke often to his friends of the uselessness of investigating 
diseases until more was known about the behavior of cells, the ultimate 
proximate constituents composing animals and plants. In certain direc- 
tions his view was undoubtedly sound. But sera, like those used success- 
fully in treating certain pneumonias or in diphtheria; or a drug like 
quinidine; or bacteria as causes of diseases; or fibrillation of the auricles 
as underlying a striking disorder of the heart beat—all these can be, have 
been, and are being studied to the great benefit of man without carrying 
on the investigation at a level of organization much below that on which 
the going concern which is the organism, carries on. It goes without 
saying that every analysis occurs on a level simpler than that of the thing 
analyzed. That is in the inescapable nature of analysis. But how far 
below? I have been saying, not very far, because relevant knowledge is 
usually not available—and in the solution of a problem, a level too far 
below may cease to be relevant. In analyzing morbid processes, the 
opportunity should be available to carry on an investigation at that level 
precisely, where an experienced or an especially gifted person decides 
it may be profitable. 
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Objection is raised on occasion to affording this opportunity in 
clinics, the point being that that opportunity should be sought elsewhere 
either because elsewhere the cost, financially, may be less; or because 
the inclusion elsewhere of that research may be more appropriate; or 
because historically there is value in retaining that study at the locus of 
its origin. But this is a workaday world; it is difficult to get things done 
anywhere; men carry on, each his own business and do that with difficulty 
and against odds. Answers are sought because they are needed. Patho- 
logical anatomists, for example, are often in despair because of the 
lacunae, of great importance to them, left by anatomists. The situation 
is exactly similar when clinicians require information not supplied by 
physiologists. But even if anatomists and physiologists have developed a 
subject, there can be no obligation upon them to go on with it. They 
may not be aware of the need of a next step. To those to whom taking 
it is necessary, it is scant comfort to know where preliminary investiga- 
tions were carried on, if they are no longer being housed there. The 
fructification of ideas cannot be shackled to a building or even to a 
locality. But even if the study of a subject is duplicated, the loss is usually 
not great. Identity in result is rare, mutual criticism is profitable, slight 
differences in procedure are desirable. 

There must of course be some sort of common sense on what is 
investigated in clinics; no one now would regard it as sensible to establish 
a laboratory for the study of electrons. But such researches as on the 
metabolism of bacteria, on nomograms describing acid-base and other 
equilibria, the location and behavior of salts and water, the mechanism 
of respiratory ferments and no doubt a host of others seem to be appro- 
priate. To afford hospitality in clinics for such studies seems wholly 
reasonable. So will domiciling other activities, when the principles in- 
volved are scrutinized and understood, such as describing long drawn 
out diseases and senescent states, especially when the interest in them is 
peculiar to the clinic, and the emphasis necessarily different from that 
outside. 

The question finally arises as to whether men exist in clinics willing 
to devote themselves to investigations at fundamental ievels. Though 
enterprises at such levels are relatively new, it appears already that little 
or no difficulty is being experienced. If there is difficulty it exists perhaps 
in the temptation to draw to too practical purposes, the labors of those 
who should be studying at simpler levels. But if so-called fundamental 
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researches are fostered, there exists the possibility of guiding them within 
pragmatic limits, and of acquainting clinicians with the value of such 
enterprises. Against the cost, if the cost is high, must be balanced the 
motives, the interest in, the concern for the subject. It seems too theo- 
retical to expel from clinics what can be done there profitably, especially 
when a clinical interest meets with no outside echo. There are things, it 
seems, more expensive than money. 

The discussion on the nature of the medical clinic has not, I believe, 
these many years past, given due place to these more general aspects of 
its life. Primary attention was focussed on practice and on teaching 
because they seemed to be more urgent. These three, teaching, practice 
and research can, of course, be conducted as coordinate functions. The 
devotion to practice and to teaching must in no sense be whittled away. 
But it will not be, if the experience of recent years is a guide. What is 
wanted is a realization that in university clinics, all scholars need not 
be cut according to the same pattern. Traditionally the roles of teacher 
and practitioner have been emphasized—perhaps overemphasized. But a 
clinic affords opportunity for the display of diverse talents; there can 
be doubt no longer that men of diverse talents can find happiness and 
opportunity there. To arrive at the precise specifications should not, 
within this framework, be too difficult. If the conviction begins to prevail 
that these various functions should find their home there, their adjustment 
and accommodation may safely be left to the slow, one would hope not 
too slow, processes of time. 


* * * * 


The crucial point appears to be that, to succeed, research in medicine 
must be regarded a serious undertaking. For whatever reasons, the issues 
are now regarded as sufficiently urgent by the general public, so that 
government is devoting increasing attention to the health of the com- 
munity. To take this problem seriously means that scholars in medicine 
must be permitted to be serious, as are those in other callings. Education 
and the equipment for research must of course be adequate. And the 
rewards for service must be ample. Free and frequent criticism must be 
cultivated. This has been sharp in a technological sense. Experimental 
nonsense is not lightly tolerated. From a more general point of view— 
that dealing with the purposes and direction of research, criticism seems 
to be less well informed. Criticism of a kind can be found in presidential 
addresses, but the vigor, insight and fearlessness displayed is perhaps not 
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sufficiently incisive. 
* * * * 

This is what I understand the meaning of medical research to be. 
The study of diseases has been separated in a category somewhat differ- 
ent from that of the other sciences. That has been due in part to the 
nature of its subject matter, being in a limited sense, less enduring than 
that taken for analysis in the other sciences. It has been due in part also 
to the lateness with which analytical methods have been employed in the 
study of diseases. The use of them now is in full swing but, being new, 
the education of men eager to employ them has not been adequately 
conceived to this end. For this reason also, a critical approach to the 
analysis of diseases has not yet fully evolved. 

Of the objects of human interest, diseases are far from the least. The 
need for getting on with the understanding of many maladies is urgent. 
These are very varied, and require for their elucidation professional 
insight and equipment of a high order. The problems are becoming not 
less, but more intricate, the more the methods of empiricism change from 
crude to less crude. The meaning of medical research is to understand the 
mechanisms at play and to be concerned with their alleviation and cure. 
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PROCEEDINGS OF 


STATED MEETINGS 

Aprit 8—The New York Academy of Medi- 
cine. Executive Session—a] Reading of 
the minutes. J The thirteenth Hermann 
Michael Biggs Memorial Lecture deliv- 
ered by Thomas M. Rivers, Director of 
the Rockefeller Hospital, on Virus Di- 
seases—twentieth century version on the 
De Novo origin of infectious agents and 
it significance in relation to the control 
of disease; hb] Report on election of 

members. 


Aprit 21—The Harvey Society (in affiliation 
with The New York Academy of Medi- 
cine). The seventh Harvey Lecture, The 
Chemistry and Biology of Male Sex 
Hormones, F. C. Koch, Professor of 
Biochemistry, the University of Chicago. 


SECTION MEETINGS 

Aprit 1—Surgery. Reading of the minutes. 
{ Presentation of cases—a] Three cases 
of enlargement of the lip due to hyper- 
plasia of the submucous salivary glands, 
Herbert Conway; Discussion by Jerome 
Webster; b] Simultaneous perforation 
of two peptic ulcers treated by primary 


ACADEMY MEETINGS 


gastric resection; Concomitant acute 
appendicitis and perforated gastric ul- 
cer. Secondary duodenal ulcer two years 
later; gastric resection, Myron A. Sal- 
lick; Discussion by Richard Lewisohn; 
c] Hygroma of the neck; two years post- 
operative, William Klein; Discussion by 
John M. Hanford. { Papers of the 
evening — Symposium on_ postoperative 
complications—a] Postoperative throm- 
bosis and embolism, Frederic W. Ban- 
croft; Discussion by Margaret Stanley- 
Brown; b] Postoperative cystitis, Frank 
C. Hamm, Brooklyn (by invitation); 
Discussion by Nathaniel P. Rathbun; 
c] Postoperative pulmonary complica- 
tions at the Roosevelt Hospital: A ten 
year report, Lewis S. Booth (by invita- 
tion); Discussion by Paul M. Wood. 
{ General discussion. § Executive session 
—Nomination of section officers and 
one member of Advisory Committee. 


Aprit 5— Dermatology and Syphilology. 
Reading of the minutes. {| Presentation 
of cases—a] City Hospital; b] New 
York Hospital and Cornell Medical Col- 
lege; c] Miscellaneous cases. { Discus- 
sion of selected cases. Executive ses- 
sion—Nomination of section officers and 


one member of Advisory Committee. 
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Examination of patients is limited to 
members and their guests. 


Aprit 12—Neurology and Psychiatry. Read- 


ing of the minutes. { Papers of the 
evening—a] The mechanism of referred 
anginal pain, Heyman R. Miller; Dis- 
cussed by L. Vosburgh Lyons, Frank 
Pike (by invitation), Robert H. Halsey; 
h] The use of sodium chloride and hyper- 
tonic intravenous saline in the treatment 
of disturbed patients, Karl M. Bowman 
(by invitation), Sylvan Keiser (by invi- 
tation); Discussed by Foster Kennedy, 
Samuel B. Wortis, S. E. Jelliffe;  ¢] 
Aspects of the physiology of thought 
and emotion with related case presen- 
tations of lobectomy and_ lobotomy, 
Richard M. Brickner; Discussed by 
Frederick Tilney, Israel S. Wechsler. 
{ General discussion. { Executive ses- 
sion — Nominations of section officers 
and one member of Advisory Committee. 


Apri. 14—Pediatrics. Symposium on acute 


rheumatic fever. Case reports, Lewis 
Stevenson, Lucy Porter Sutton, Homer 
Swift. { Panel discussion——Charles Hen- 
dee Smith, Chairman, Ann G. Kuttner 
(by invitation), Currier McEwen, Irving 
Roth, Lucy Porter Sutton, Homer Swift, 
May Wilson. { Executive session—Nom- 
ination of section officers and one mem- 
ber of Advisory Committee. 


Aprit. 15—Orthopedic Surgery. Executive 


session—a] Reading of the minutes; 
hb] Nomination of section officers and 
one member of Advisory Committee. 
{ Papers of the evening—a] Some ob- 
servations of a group of 1935 anterior 
poliomyelitis patients, Charlton Wallace; 
b}] A comparative study of shoulder 
arthrodesis and transplantation of the 
trapezius, Leo Mayer; c] Panastragalar 
arthrodesis, Frederick ee  Liebolt 
(New York Orthopedic Hospital) (by 
invitation) ; d] Echinococcus cyst of the 
femur; Report of a case treated by 
excision and implantation of bone chips, 
1932-1938, M. Beckett Howorth. { Gen- 
eral discussion. 


Apri 18— Ophthalmology. Instructional 


hour — Glaucoma, Algernon B. Reese. 
{ Slit lamp demonstration, Milton L. 
Berliner, Wendell L. Hughes, Girolamo 
Bonaccolto, Gordon M. Bruce. {| Exec- 
utive session—a] Reading of the min- 
utes (8:30); b] Nomination of section 
officers and one member of Advisory 
Committee. { Presentation of cases— 
a] Two cases of unilateral retinitis pig- 
mentosa, Sigmund A. Agatston; b] 
Demonstration of microscopic structure 
of coloboma of the optic nerve and 
macula, David Wexler, Murray Last; 
c] Two cases of malignant neoplasm of 
the eyelid, Maynard Wheeler; d] Case 
of Von Hippel’s disease (angiomatosis 
retinae), Benjamin C. Rosenthal (by 
invitation). { Paper of the evening— 
Operations for orbital filling, John M. 
Wheeler. 


Aprit. 19—Medicine. Reading of the minutes. 


{ Papers of the evening—a] The clinical 
aspects, prophylaxis, and treatment of 
acute anterior poliomyelitis, Josephine 
B. Neal; Discussion by S. D. Kramer 
(by invitation); b] Immunological as- 
pects and treatment of meningitis, 
Emanuel Appelbaum; Discussion by 
Henry Wirt Jackson (by invitation) ; c] 
Prophylactic and therapeutic value of 
convalescent serums in measles and scar- 
let fever, William Thalhimer; Discussion 
by Irving Klein (by invitation).  Exec- 
utive session— Nomination of section 
officers and one member of Advisory 
Committee. 


Aprit. 20—Genito-Urinary Surgery. Execu- 


tive session—a] Reading of the minutes; 
b] Nomination of section officers and 
one member of Advisory Committee. 
{ Presentation of cases—a] The injec- 
tion therapy of hydrocele and spermato- 
cele, Arthur H. Milbert (by invitation) ; 
b] The endocrines and spermatogenesis, 
Robert S. Hotchkiss (by invitation). 
{| Paper of the evening—The use of male 
sex hormone in all types of hypogonad- 
ism, Samuel A. Vest, Baltimore (by in- 
vitation). | General discussion—Opened 
by Irving H. Pardee. 
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Aprit 20—Otolaryngology. Reading of the 


minutes. { Papers of the evening—a] 
Plastic surgery in the deviated nose, 
Albert A. Cinelli; b] The management 
of sinus malignancies, Mervin C. Myer- 
son; c] Diseases of the maxillary sinus 
and their relationship to the oral cavity, 
John M. Lore; d] Psychiatric therapy in 
dysphonia—aphonia, psychophonasthen- 
ia, falsetto (Slides-Recordings), James 
S. Greene. { General discussion. {| Exec- 
utive session— Nomination of section 
officers and one member of Advisory 
Committee. 


Aprit 26—Obstetrics and gynecology. Exec- 


utive session— Nomination of section 
officers and one member of Advisory 
Committee. { Paper of the evening — 
Sterility: causes, methods of investiga- 
tion, and treatment (illustrated by a 
motion picture in color), Samuel L. 
Siegler (by invitation); Discussion by 
Raphael Kurzrok, Robert S. Hotchkiss 
(by invitation), Isidor C. Rubin, Fran- 
cis W. Sovak. 


AFFILIATED SOCIETIES 


Apnit 18—The New York Roentgen Society 


(in affiliation with The New York Acad- 
emy of Medicine). Case reports—a] in- 
teresting cases; b] A case of oxycephaly, 
Joseph E. J. King (by invitation). 
{ Paper of the evening—A qualitative- 
quantitative concept of radiation ther- 
apy, William H. Meyer; Discussion by 
Ralph E. Herendeen, John R. Carty, 
Edith H. Quimby, M.A. (by invitation), 
Arthur Mutscheller, Ph.D. (by invita- 
tion). { Executive session. 


Arrit 20—New York Section of the Society 


for Experimental Biology and Medicine 
at The New York Academy of Medicine, 
The longevity of the mammalian erythro- 
cyte, Albert S. Gordon, William Klein- 
berg (Introduced by Harry A. Charri- 
per). { Identification of the porphyrin 
compound found in cultures of C. diph- 
theriae and Mycobacteria, Calvin B, 
Coulter, Florence M. Stone (by invita- 
tion). The effect of the pulse on lymph 
formation and interstitial movement of 
substances, Robert J. Parsons (by in- 
vitation), Philip D. McMaster. { Cura- 
tive effect of vitamin B, and the vitamin 
B,, complex on experimental hyper- 
thyroidism, Victor A. Drill (Introduced 
by Ralph H. Cheney). { Decreased 
choline-esterase activity of serum in 
jaundice and in biliary diseases, William 
Antopol, Arthur Schiffrin (by invita- 
tion), Lester ‘Tuchman (by invitation). 
{ Movement of water against a gradient 
in models, W. J. V. Osterhout, J. W. 
Murray (by invitation). {| Business ses- 


sion. 


Apri. 28—New York Pathological Society 


in affiliation with The New York Acad- 
emy of Medicine. Case reports—a] 
Primary carcinoma of the nail, James 
R. Lisa, Jacob Levine; b] Tuberous 
sclerosis with cerebellar involvement 
and colloid cyst of the septum lucidum, 
Amour F. Liber. { Papers of the eve- 
ning —a] A consideration of certain 
types of benign tumors of the placenta, 
Andrew J. Marchetti (by invitation) ; 
b] The passage of substances through 
tissues and the formation of lymph, 
Robert J. Parsons (by invitation), 
Philip McMaster (by invitation). { Ex- 
ecutive session. 





